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REPORT ON THE MARKING EXPERIMENTS ON PLAICE, 
MADE BY THE S858. “GOLDSEEKER,” IN THE -YEARS 
1910-1913. 


By Dr. T. WEMYSS FULTON, F.R.S.E., Sctentiric SupERINTENDENT. 
(With Ten Charts.) 
I. INTRODUCTION. 


In a former Report,* I described the results of the marking experiments on the food 
fishes, which were carried on by the research vessel “‘ Goldseeker” during the six 
years 1904-1909. In the present Report, the results are given of the continuation of 
these experiments in the four years 1909-1913, so far as concerns the plaice. The ex- 
periments with other species of fish, relatively few in numbers, will be dealt with later. 

The total number of plaice marked and liberated in the four years was 7166, 
viz. 2879 males, 4090 females, and 197 whose sexes were not ascertained. The 
total number recaptured was 3735, or 52:1 per cent., viz. 1530 males (53:1 per 
cent.), 2163 females (52-9 per cent.), and 42 (21:3 per cent.) of those whose sexes 
were unknown. The numbers liberated and recaptured in the various years are 
as follows + :— 


Liberated. Recaptured. 


Fe- Fe- 


Year. | Male. ?Sex. | Total. | Year. | Male. Sex. Total. 
male. 


mo10 | 790 | 1,029 90 |1,909 | 1910 | 423 | 557 | 20 | 1,000 (52-47 


° 


met 725 | 952) 59 11,736 | 1911 383 496 Lyi 896 (51:67 


| 
1912 | 824 {1,313 40 | 2,174 | 1912 | 462 733 4 | 1,199 (55-17%) 
1913 | 540 | 796 8 | 1,344 | 1913 | 262 377 At 640 (47°67) 


2,879 | 4,090 | 197 | 7,166 1,530 |2,163 | 42 13,735 (52-1%) 


* «Fishery Board for Scotland, Fifth Report (Northern Area) on Fishery and Hydrographical 
Investigations in the North Sea and Adjacent Waters, 1908-1911.”’ Cd. 6950, 1913, p. 137. 

+ The following fish were recaptured after the tables and text were completed. They are not 
further referred to. 

Sc. 4918 A. 10.—Liberated 13th June 1912, at Great Fisher Bank (57° 12’ N.; 4° E.); 
female; length, 41°5 c.m. Recaptured 29th November 1919, by the German steam trawler 
“Hochkamp,” at 57° 35’ N.; 3° 30’ E.; length, 61 cm.; growth, 19°5 cm. in 2714 days; 
distance travelled, 28 miles N. 22° W. 

Sc. 2733 A. 10.—Liberated 5th December 1912, 3 miles N.K. of Fidra Light, Experiment I. ; 
female ; length, 40-°5cm. (see p. 79). Recaptured 8th August 1917, 16 miles S,E. of Bell Rock 
(56° 18’ N.; 1° 58’ W.); length, 49-1 em. ; growth, 8-6 cm. in 1707 days; distance travelled, 28 
miles N. 80° E, 

Sc. 5586 A. 10.—Liberated 12th June 1913, 40 miles E. of May, Experiment IV.; female ; 
length, 45 cm. (See p. 157). Recaptured 16th November 1917, 6 miles E. of Cruden Scaurs 
(57° 27’ N.; 1° 39’ W.); length, 48-8 cm.; growth, 3:8 cm. in 1618 days; distance travelled, 
65 miles N. 8° E. 

Siud No. 1533.—Liberated 12th November 1913, at Nairn Bay; male; length, 29 cm. (see 
p. 299). Recaptured 10th February 1918, 8 miles 8.E. of Dunbeath (58° 11’ N.; 3° 12’ W.); 
mark only ; 1551 dayS free; distance travelled, 41 miles N. 49° E. 

Stud. No. 1402.—Liberated 30th May 1913, off Fidra Light ; male; length,29cm. (see p. 83). 
Recaptured 22nd June 1918, off Bell Rock (about 56° 25’ N.; 2° 10’ W.); length, 39-7 cm. ; 
growth, 10-7 cm. in 1849 days; distance travelled, 23 miles N. 53° E. 

Sc. 5127 4A. 10.—Liberated 27th March 1913, on Aberdeen Bank; female; length, 39-5 cm. 
(see p. 204). Recaptured 26th December 1918, 25 miles 8.S.E. of Aberdeen (56° 48’ N.; 1° 
35’ W.), in 30 fathoms; length (21”), about 53 cm.; growth, in 2100 days, about 13-5 cm. ; 
distance travelled, 16 miles S. 87° W. 

Sc. 5239 A. 10.—Liberated 27th March 1913, E. of Smith Bank; female; length, 39 cm. 
(see p. 287). Recaptured 29th January 1919, 40 miles N. by W. from Rattray (58° 11’ N. ; 
2°24’ W.); length, 52°9¢.m.; growth, 13°9cm. in 2134 days; distance travelled, 9 miles N. 88° E. 

Stud No. 1398.—Liberated 30th May 1913, 3 miles N.E. of Fidra Light, Experiment 
L; male; length, 30 cm. (see p. 83). Recaptured 27th February 1919, 20 miles E. of Bell 
Rock (56° 32’N.; 1°50’ W.; length, 43°9 cm.; growth, 13°9 cm. in 1884 days; distance 
travelled, 39 miles N. 66° E. 

Stud No. 1531.—Liberated 12th November 1913, at Nairn Bay; male; length, 31°5 cm. 
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The plaice were marked at various stations between the 14th April 1910 and 
the 12th December 1913. The particulars as to the numbers of the fish marked 
and liberated at the different stations will be found in the text of the Report. 
The following table shows the total numbers liberated and recaptured at each of 
the stations in the course of the four years, with the percentage recaptured for each 
station :— 


TotaL NuMBER oF PLAICE MARKED AND LIBERATED AND TotTaL NUMBER 
RECAPTURED, 1910-1913. 


Liberated. Recaptured. 
Place. 
MS ee. (?) |Total) M. | F. (?) |Total 
Great Fisher Bank . : « | 240 | -310-|" 49" 599 1-82 1 1608 Bel eel: 

34:2 |35:2 | 6:1 132-9 

Moray Firth . ; - | 249 | 274 7 | 530 | 108 | 90 3 | 201 
43°4 | 32°8 | 42°9 | 37°9 

Smith Bank . : ‘ ei eeoG) | 402 D107 | VASs ast 4 | 336 
5O 45:7 | 44:4 147-5 

Aberdeen Bank : : « | 52D: | 674 28 |1227 | 305 | 429 CN at 
; 58:151163:6) (252s oue 
Fair Isle : F : 4 Wesel | fsisyil 18 | 940 | 180 | 275 6 | 461 


Midway between Elie and Fidra | 305 | 469 | 49 | 823 | 210 | 267 | 12 | 489 


20 miles EK. of May Isle. - | 352 |°597 | 312) 961 | 239°)402 2 | 643 

67-9: 67:3. | 16;6aGbe 

40 miles E. of May Isle. --| 135 | 240 7 | 382 | 66) 139 3 | 208 

48-9 |57-9 |42°9 | 54-4 

50 miles E. of May Isle. sie ee Oy [ith 4 | 207 |. 44 | 63°) ==s07 

52-4 152-9 | — |51-7 

80 miles E. of May Isle. ~f — 1); — 1}; —} —}] —] — 

100 miles E. of May Isle . , 81 | 105 6/192 | 24) 30| — | 54 

29°6 | 286 | — |281 

220 miles E. of May Isle . Da ee Ua lige, 1 | 106 8 9| — 17 
16° |16-4 | — |16: 

Fidra Light, 8. by W. 3 miles . | 81 | 117 2 | 200°) 52°) 3165 1 | 122 


St. Andrews Bay . : ; 34}; 25| —J| 59| 19] 11 — | 30 
55:9 | 44: — |50°8 

5 miles 8.E. 4 E. of Tod Head . 1 1} — 2 1 1}; — 2 
(100-)|(100-)} — |(100-) 

Various :—Off Buchanness. 

Rattray, Tod Head. i TOL VaLAag 5227 | 44 1) Bb L130 
Kinnaird, etc : ’ ! 58°7 | 57°8,| 20.03) oies 
Kirkealdy Bay : : .f 3]; — 3; —}| —| —}] — 
Totals , . {2879 |4090 | 197 |7166 |1530 |2163 | 42 |3735 


53°1 | 52°9 | 21:3 | 52:1 


(see p. 299). Recaptured 8th March 1919, 4 miles N.W. of Covesea Lighthouse (57° 45’ N.; 
By ORY He length, 46°6 cm.; growth, 15°1 cm. in 1942 days; distance travelled, 17 miles 
N. 77° E. 

m1“ Stud No. 1408.— Liberated 30th May 1913, 3 miles N.E. of Fidra Light, Experiment 
L;43female; length, 27°5 cm. (see p. 83). Recaptured 24th March 1919, 1 mile E. of 
Whitehills (57° 41’ N. ; 2° 29’ W.). Length, 49°2 em.; growth, 21:7 cm, in 2124 days; dis- 
tance travelled, 150 miles N. & E. 
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In the tables appended to this Report particulars, so far as ascertained, 
are given for all the fish recaptured from each experiment, these particulars 
showing the sex of the fish, its length on hberation and recapture, the date of 
recapture, the position of recapture, the depth of water, the method of fishing, 
the port of landing, the condition of the reproductive organs, and the general 
condition of the fish. 

The methods of fishing, by which the fish were recaptured, are shown in the 
following table, arranged under months :— 


Means of Capture. | Jan.| Feb.) Mar.|Apr.|May.|June.| July.) Aug.|Sept.| Oct.| Nov.) Dec.} Total. 
Steam Trawl . . {151 |249 | 341 |300 | 300 | 337 | 305 | 197 | 210 |245 | 221 |201 | 3,057 
Ground Nets :— 

Cod Nets . | Yan Wasi! in 3 1 He 1 1 7 207 

Set Nets 10 | 14 4 1 soc agp 1 30 

Crab Nets. neene| Lae 1 1 a ne 2 
Bernina Drift Nets < |. 2 | 2)... | 1.) -<: 2H raens 7 
Salmon Bag Nets .| ... | «.. lbs bce 3 aL |e 5 
Flounder Seine Nets. 2 2 sb allmese ee oe 1 bre 5 
caNets™ . - ; 3} | (onic 1 1 doe 1 Sa 1 aeiey | Hews 60 1 8 
Line Be eh OleGulh 64 -60al 2b abe Ske Si re hleaaelgelk oul oabiat ges 

200 |425 | 483 |367 | 330 | 343 | 313 | 202 | 224 |254 | 234 |214 | 3,589 


No means of capture recorded soe Be Sai cen ||) AlaXe 
Steam trawl with no date of capture recorded ... at 10 
Grand: Total) %.: Bobs | GIATAaTe 


The total number recaptured was 3735, but the means of capture was not 
ascertained in 136 cases. Of the remainder, 3599, the number taken by steam trawl 
was 3067, or 85:2 per cent.; by line, 268, or 7-2 per cent.; by ground-nets (i.e. 
“ set-nets” for cod and plaice), 239, or 6:4 per cent.; by herring drift-nets, 7; 
by salmon bag-nets, 5; by flounder seine nets, 5; and by unspecified nets, 8. 
It will be observed that the proportion of fish recaptured in the spring months 
(February—April) was larger than m any other season of the year. 

The marked fish on recapture, in the great majority of cases, came into my 
hands intact with the label attached, but in 135 cases only the label was received, 
with particulars, as far as ascertained. In regard to 28 of the fish, the precise 
date of capture was unknown. The place of capture could not be ascertained for 
129, and in 90 instances, fish taken (by foreign trawlers, as a rule) and landed at 
foreign ports, were described as having been caught simply in the “ Moray Firth,” 
without the particular locality being specified. 

While many of the marked plaice returned were examined by myself, the majority 
were measured and the condition of the reproductive organs noted by Dr. Thomas 
Scott, at the Marine Laboratory, Bay of Nigg. I have also to thank Dr. H. C. 
Williamson for the examination of a number of them. The marking on board 
was done mostly under the supervision of Dr. A. Bowman, the naturalist. 


MetruHops oF MARKING. 


In the early experiments, in April 1910, the old system of marking, as described 
in my former Report (Op. cit. p. 137) was used, the mark consisting of a brass 
numbered and lettered disc attached by silver wire to a bone button or disc below. 
But in all the experiments after April 1910, the marks used consisted mostly of 
two vulcanite discs (the upper, with the lettering and numbers) held together by 
silver wire; and partly of single vulcanite studs pushed through near the edge of 
the fish, and held by a rubber ring, after the method adopted by Professor Heincke. 


The number of plaice marked by the old method in April 1910 was 183, and of 


| 
| 
| 


these only 29, or 15:8 per cent., were recaptured. In the whole of the experiments 
in the years 1904-1909, 1203 plaice were marked with the brass-and-bone marks, 


and of these 340, or 283 per cent., were recaptured. In the years 1910-1913, 
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6983 plaice were marked with the vulcanite marks, and 3706, or 53-1 per cent., 
were returned, showing that the latter method was much the more satisfactory. 
The number marked with the two vulcanite discs was 5637, and the number 
recaptured was 3086, or 54:7 per cent. The number marked with the vulcanite 
studs was 1346, and the number recaptured was 620, or 46:1 per cent. The 
latter method of marking is thus not so satisfactory as that in which two discs 
are used, connected by a silver wire. ; 

The fish, after being marked, were kept on board the “Goldseeker” in tubs of 
water until they were liberated, the interval, in some cases, extendig over a day 
or more. The sexes were ascertained by holding the fish up to the light, the ovaries 
being thus detected in the females. Comparatively few errors were made in deter- 
mining the sexes by this method. 


Tue INTERVAL BETWEEN LIBERATION AND RECAPTURE. 


The duration of the periods of liberty of the marked plaice, before they were 
recaptured, varied very much. In a few cases, they were taken on the same day on 
which they were set free ; in other instances, some years elapsed before they were 
caught. In the following table, the recaptures in each period of three months atter 
liberation tor all the experiments, have been tabulated, the particulars for the 
sexes being also shown separately, and percentages given :— 


1st Year. 2nd Year. 38rd Year. |4th Year. | 5th Year. | 6th Year. 
Sex. - 
rtealslaliielsl4lilelalatrlelslalrlelslalalalalalmeun 
m. | 349] 358] 234] 207} 109) 80] 58] 36/ 26] 24] 7lza} 4] 2] sl al..} ai... ft Stolalee 1,514 
% 193-0|23-6|15-4/13-7| 7-2| 5°3| 3°8| 2-4|..1.. 1.1L loll lle coLchoholod le 
F. |592| 423] 298| 275] 179] 111| 86| 61] 40| 36l2ult0) 6) 3] al al a) a) a Ve] afte 
% |97+5/19-6|13-8|12°8} 8-3] 5-1] 3-9] ael | | tL bl hoh LOL PERE 
Pl a oh et gl gl Bh ate sl NS Ie Wale eg 
¥ |96-8121°9| 12-9] 4-9| 4:9] 7-3] 4-9/19-21 1 |) tlhe ue 
952| 790| 537| 484] 290| 194] 146/ 102] 68] 6ol29l21\101 5| si 5| 1] 3i...| 1) d1...\...|...} 3,707 
% |25-7|21°3] 14-5 13-0] 7-8} 5-2) 3-9] 2-711-8/1-6]-8l-6).|..1.-f-eoo lotto] +28 with 
no date 
=3,735 


Totaut Nos. For Each YEAR :— 


M. | 1,148 758% | 283 187% | 68 4:5%/13 -8%} 1 -06%| 1 -06% 
F. | 1588 73:3% | 437 203% |108 51%|15 -7% | 4 -18% . 
2 27 65°8°7 12 29°3°7 Bode) en Pee ee 
1 Gee came eRe CIE COLL ire ag tilbes 1 
745% 294 4°8 7 ‘| 02 


It will be observed that the largest number was recaptured within three months of 
hberation, and that the number caught in each succeeding quarter was less than 
in the preceding quarter. Within the first twelve months of liberation, 2763, or 
74°5 per cent., were taken; in the second year, the number was 732, or 22°4 per 
cent. ; in the third year, it was 179, or 4:8 per cent., in the fourth year, 27, or °7 
per cent. ; in the fifth year, 5, or ‘Ol per cent. ; while one fish, a male, was taken in 
the sixth year after liberation, having been at liberty 1821 days. 


[| TABLE. 


en 
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Ports AT WHICH LANDED. 


The following table shows the numbers of the marked plaice which were landed 
at the various ports :— 


No. of No. of 


ee No. of 

park Fish, ppl. Fish. Fork. Fish. 
Aberdeen. . 1,292 | Newhaven . . 69 | Golspie ; aha, 06 
| Granton : . 642! Leith . , . 68 | Cockenzie . tity tye 
Grimsby : . 181 | London ; . 65 | Helmsdale . ont erke 
North Shields . 171 | Buekie. i «.» HO is Guxhaven). ». Peer. We} 
Dundee ‘ . 147 | Hartlepool . . 47 | Pittenweem . Saree 
Ymuiden . Ill | Geestemiinde ; 46 | Montrose. aoe |) 
Ostend . é seis, 932 Rmibore: 3 ie ie tone © : a EO 
Whitehills . a4.) Hambure 7. ree ae St. Andrews. me) 
Lossiemouth . Ber eros le Wilke rs 25). Collieston sve. 4 9 
Anstruther . By APOs Blythe 2s : . 17 | Macduff ‘ : 8 
ald). 3 . 2 | Peterhead . . 16 | Scarborough . ; 9 


Seven each were landed at Largo, Burghead, and Bremerhaven ; six at Cromarty ; 
five each at Dysart and Nairn ; four each at Kirkcaldy, Sunderland, and Buckhaven ; 
three each at St. Monans, Port Errol, Elie, Leven, and Vlaardingen ; and two each 
at Brora, Broughty-ferry, and Gairloch. The following are ports of landing of one 
fish only each :—Dornoch, Gourdon, Longhaven, Cruden, Rosehearty, Goteborg, 
Newton-by-Sea, Billmgsgate Market, Ramsgate, Kinghorn, Scalloway, Rockfield, 
Portmahomack, Ardersier, Mallaig, Milford Haven, Arbroath, St. Combs, Rattray 
Head, Fraserburgh, Findhorn, Boston, Holy Island, Oban, and Inverness. Eighteen 
of the marked plaice recaptured were taken by the “ Goldseeker.” and no particulars 
were obtained as to the port of landing of eighty-four of the fish. 


Il. THE MIGRATIONS. 


Charts have been made showing the results of each of the marking experiments, 
a straight line (or lines) being drawn between the station where the fish were 
liberated, and the place where each fish was recaptured. In many cases, also four 
quarterly charts of the same kind were prepared, showing the results for each three 
months of the first twelve months following the liberation. Some of these charts 
are reproduced in this Report. Tables were also prepared, representing, in each 
case, the number of days the fish was at liberty, the distance travelled, the direction, 
and the mean rate of movement. 

In a few instances, it is clear that a mistake was made as to the exact place 
where a marked fish was taken, e.g. when a fish is represented as having been 
caught many miles from the place of Iberation within a few days after it was set 
free. But there is no reason to question the general trustworthiness of the records. 

In connection with all such experiments on marked fish and the interpretation of 
the results, certain facts must be borne in mind. Were all the conditions affecting 
the life of the fish in the sea uniform in all respects, 1t might be expected that the 
movements of the marked individuals trom any station would show no predominance 
in any particular direction. One would suppose that the fish would move equally 
in all directions, so that the lines of migration on the chart would be of a stellate 
nature, that is to say, radiating from the centre of distribution. 

A second point to remember is that the results are dependent upon the distribu- 
tion of fishing operations and their relative intensity. If, for example, no fishing, 
or a comparatively small amount of fishing, takes place, say, on the eastern side 
of a station, one would not expect to get fish in that direction, although, in point of 
fact, they may have migrated thither. To understand fully the experiments, one 
would require to know the amount of fishing in all directions in relation to the 


stations where the fish were liberated. This information does not at present exist. 
* 
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1. Tur DistaANces TRAVELLED. 


In each experiment, a summary was made of the distances migrated, irrespective 
of the time taken, of each of the marked plaice recaptured. In some cases, the fish 
were recaptured at the place where they were liberated. In the accompanying 
table are given the numbers of the marked plaice taken at various distances from 
the place of liberation. It will be seen that the largest proportion were recaptured 
between 20 and 50 miles, and that this was the case both with the males and the 
females. The males, on an average, moved farther than the females, 35:1 per cent. 
being taken at a distance exceeding 50 miles, as compared with 28 per cent. of 
the females. At distances of from 150 to 200 miles, 5:1 per cent. of the males were. 
recaptured, as compared with 1'8 per cent. of the females, and at distances exceed- 
ing 200 miles, 1°9 per cent. of the males, as against ‘9 per cent. of the females. 


Ailes. 
Sex. 3 ; 
10 and | j9_90, | 20-50. | 50-100.| 100-150.|150-200.| OY*™ | Total. 
under. 200. 
m. | 936 | 260 | 439 | 267 138 74 28 | 1,442 
9° Rei Prc esis Scr l liaitces 9-6 5] 1-9 
Pics aoden saygtclaeeasua a6t 158 38 18 | 2.051 
°/ 197! 199] 323] 176 7-7 L-8 9 
(0 7 6 6 8 5 3 2 37 
°/ 189 | 162! 16-2| 21-6 135 8-1 54 
Total | 647. | 675 (1,108 | 636 30] 115 48 | 3,530 
o/ 18:3 | Lome tateans anne. 8-5 3-3 13 


Forty-eight of the fish, or 1°3 per cent., were recaptured at distances exceeding 200 
miles, and 6 at distances over 300 miles, although some of these may be regarded 
as doubtful. In one case, where the fish was liberated in the Firth of Forth, it 
was said to have been recaptured near the Goodwin Sands, and landed at Ramsgate, 
and inquiry confirmed the accuracy of the record. The farthest distance indicated 
was 472 miles; it refers to a fish hberated off Kinnaird Head. on the east coast 
of Scotland, and reported as recaptured in Morecambe Bay, Lancashire, but it is 
open to considerable doubt. 


2. THe DIRECTION OF THE MIGRATIONS. 


(1) FIRTH CF FORTH REGION. 


This region comprises the.experiments (1) between Ele and Fidra, (2) 3 miles 
off Fidra Light, (3) 20 miles east of the Isle of May, (4) 40 miles east of the Isle ot 
May, (5) 50 miles east of the Isle of May, and (6) St. Andrews Bay. 

The directions of migration in each of the experiments conducted at these 
stations are discussed in the body of the Report, and here it will suffice to sum- 
marise some of the results. It is best to consider, first of all, the offshore station, 
20 miles east of the Isle of May. 


(a) 20 Miles East of the Isle of May. 


An examination of the charts showing the lines of migration proves very clearly 
in this case that the predominant migration is to the north. Thus, of a total of 643 
of the marked plaice recaptured, only 9, or 1-4 per cent., were taken to the south 
of Latitude 56° N., which is only 17 miles south of the station, whereas, no less than 
78 were recaptured north of Rattray Head, which lies about 80 miles to the north 
of the station. In four of the experiments, none of the fish recaptured was taken 
to the south of 56° N. 
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For each of the experiments, the following methods have been adopted, in order 
to determine the genera! mean direction of the migration, and the distance 
travelled :— . 

I. The exact direction of the migration of each fish being ascertained from the 
nearest compass on the chart, and the distance it had travelled, the sum of the 
figures for direction and for distance was divided by the number of fish whose lines 
of migration fell within that quadrant of the circle. Thus, in Experiment IT., eight 
adult females migrated north and east in directions from N. 24° E, to N. 58° E., 
and for distances which ranged from 5 to 68 miles, the aggregate being 328°5 miles, 
or an average of 41:1 miles, and the mean direction, as ascertained in this way, was 
N. 33° E., or parallel to the coast. Four adult females migrated north and west, 
in directions varying from N. 62° W. to N. 84° W., for distances of from 21 to 
23 miles, the aggregate being 89 miles, and the average 22 miles, while the mean 
direction was N. 77° W. 

The other quadrants were treated in the same way for each sex, and the results 
for this experiment were as follows :—Thirteen plaice moved north and east, in the 
mean direction N. 32° E., for an aggregate distance of 634°5 miles, the mean being 
48°8 miles; 10 migrated north and west, in the direction N. 71° W., the aggregate 
distance being 220 miles, and the average 22 miles ; 9 moved to the south and 
west, in the mean d'rect'on 8, 55° W., the aggregate distance being 97:5 miles, 
and the mean distance travelled 10°8 miles. 

Each of the experiments made at this station has been treated in this way, 
and the results are shown in the accompanying table. 


N. and E. N. and W 

a ®o. . : oS o. = : 

: Boe See aS 2 |e8|ms| 8 

Mapert| Date | as | 22 | ea | eo (PT pee (S| a | oe | eS 

ment, iS) bs a so ment. iS) bo oe se 

_— _ _— =| —_ <4 — 4 AS! 

Siete ten Mae A Se a 

Miles. | Miles Miles.| Miles. 

I. | 28 Nov. 1910} 46 |3,523 76°6 | N. 27° E. I. |28 Nov. 1910) 5 Dil 11:4 N. 45° W. 
II. |} 21 Mar. 1911] 13 | 634-5) 48-8] N. 32° E. Vy le Mars LO Ste P2208 | 22s Nee sca We 
Ill. |25 Apr.1911; 9 | 764 85: | N. 37° B. LIL. |} 25 Apr. 1911) 5 91 18° | N. 46° W. 
IV. |19 June 1911) 13 |} 620 | 48° | N. 40° E. 1V. |19 Junel1911) 2] 33 16°5 | N. 42° W. 
V. |11 Sept. 1911) 26 |1,518 | 58:4) N. 33° EH. V. |11 Sept. 1911) 8 | 1382 16°5 | N. 62° W. 
VI. | 7 Mar. 1912) 20 /1,018 | 50°9| N. 33° E. VI.| 7 Mar. 1912) 22 | 350 16s KNe O22 Wi 
VIL. |24 Apr. 1912} 27 1,241 45°9|N.39° K.] VII. |24 Apr. 1912) 8 93°5} 11°7 | N. 39° W. 
VIII. | 10 May 1912) 14 | 470-5) 33-6| N. 45° E.} VIII. | 10 May 1912} 13 | 171°5| 18:2) N. 41° W. 
IX. | 6 Dec. 1912) 71 |4,169 58°7 | N. 31° E. IX. | 6 Dec. 1912) 28 | 526°5) 18°8| N. 57° W. 
X. |26 Mar. 1913) 29 |1,498 | 51:7) N. 29° B. X. |26 Mar. 1913) 18 | 227-5) 17:5] N. 61° W. 

268 |15,456 | 557-6 346° | 114 1,902: | 161°6 516° 
Average | ...-| 1545°6} 55:8] N. 34° E. Average | ... | 190:2) 16°2| N. 52° W 

S. and E. S. and W. 

I. |28 Nov. 1910) 7 83°5| 11:9| S. 31° EB. 1, |28 Nov. 1910) 8 | 100°5) 12°6)S. 58° W. 
II. | 21 Mar. 1911] ... Eek aS a IT. }21 Mar. 1911} 9 97°5| 10°38) S. 55° W. 
III. | 25 Apr. 1911) 2 ite BRS ish LP Tae IIT |25 Apr. 1911) 6 | 45:5) 7:68. 55° W. 
TV. |19 Junel911|} 2 BOE Tie iiss Hae 1p IV. |19 June 1911) 19 | 132-5) 7: |S 53° W. 
V. {11 Sept. 1911) 2 PPPA AIS WS We a V. 11 Sept. 1911) 16 | 131-5) 8-2) 8. 58° W. 
Wire (eiiars LOI 5 | Lois! 30-9 5S. 6o2H. VI. | 7 Mar. 1912) 24 | 215°5) 9: |S. 50° W. 
VII. |24 Apr. 1912} 10 | 482°5) 43-2] S. 31° B. | VIL. |24 Apr. 1912) 25 | 187: (col Sabocowe 
VIII. | 10 May 1912} 6 | 253:| 42: | 8. 28° HR. | VIII. | 10 May 1912) 21 | 177°5) 8-4/8. 58° W. 
PX | 16 Decs LOU! V7. 4822 69-5 1S. 172 B: IX. | 6 Dec. 1912} 14 | 153-5) 11: |S. 61° W. 
X. |26 Mar. 1913} 6 | 193°] 32: | 8S. 48°. X. |26 Mar. 1913) 7 | 34: 5: | 8. 37° W 

si | 47 |1,658 | 259-6| 299° 149/1,275 | 87-1] 533° 
Average | ... | 184°2)} 27°9| S. 33° E. Average | ... | 127°5] 8°7|S. 53° W: 


Note: In Experiment V., 2 fish went directly N., each for 2 miles. 
In Experiment VII., 2 went directly W. for a mean distance of 10 miles ; 2 went directly E. 
for a mean distance of 22°5 miles. 
In Experiment IX., 3 went an average of 9 miles directly W., and 5 for anaverage of 7:7 miles 
to the east. 
In Experiment X., 5 travelled an average of 8-9 miles west, and 2 a mean of 10 miles east. 


It will be observed that of the 600 plaice about which particulars exist, 268, or 
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44‘7 per cent., migrated to the north and east, for an average distance of 55°8 
miles, the mean direction of all the experiments being N. 34° E., or nearly parallel 
with the coast ; the number which migrated to the north and west was 114, or 
19 per cent., the average distance being 16:2 miles, and the mean direction, N. 52° 
W.; those which travelled south and east numbered 47, or 5°2 per cent., the 
average distance being 27-9 miles, and the mean direction, 8. 33° H.; while 149, 
or 24°8 per cent., went to the south and west, for a mean distance of 8°7 miles in 
the mean direction 8. 53° W. The mean directions to the north and west in the 
various experiments ranged from N. 39° W., a line which touches the coast about 
Arbroath, and N. 71° W., a little north of Fife Ness, while the mean for all experi- 
ments in this quadrant, ‘if prolonged, would reach Buddon Ness, at the mouth 
of the Tay. The mean directions to the south and west ranged from 8. 37° W., 
a line which would touch the coast about Fast Castle, west of St. Abb’s Head, to 
S. 61° W., at Dunbar, and the mean direction of all the experiments, 5. 53° Ww. 
reaches the coast some miles to the east of Dunbar. 

II. It is obvious that the above method, although helpful in showing the 
direction of the predominant migration, is not strictly accurate. While the general 
direction is ascertained, the mean direction obtained is not equivalent to the 
true resultant for the quadrant, since a short distance in one direction is given 
equal value to a long distance in another direction. 

It was desired to ascertain the true resultant of all the varied migrations in 
each quadrant, 7.e. the line and distance which would represent the net result of 
the divergent movements of the individual fish. This was done, according to 
ordinary mathematical methods, by Miss f. M. Mulholland, and forms the second 
method adopted. In this case, the adult and immature of each sex were treated 
separately, and in those fish which went northwards and then westwards, into 
the Moray Firth, or to the north or west coasts, the initial direction alone was 
taken into account. The results are shown in the followmg ‘able :— 


ADULT MALEs. 


N. and E. N. and W. 
ay Date. 
ENo. of Mean. No. of Mean 
Fish. Distance. | Direction. Fish. Distance. | Direction. 
Miles. Miles. 

I | 28 Nov. 1910 18 1891-2 N 23° E 2 32-1 N. 33° W. 

II | 21 Mar.1911. 5 492-2 N 24° E i 15: Ne sowwWe 
TI. | 25 Apr. 1911. 4 490-7 INSSSoen) 1 23° N. 65° W. 
IV. |} 19 June 1911. 8 467°5 IN: 27° B: i 17 N. 46° W. 
V. |11 Sept. 1911 14 1208°5 INS 2 Sern 4 43°8 N. 42° W. 
VI. 7 Mar. 1912. 3 265-9 N. 29° E. 5 64:2 N. 55° W. 
VII. | 24 Apr. 1912. 12 778-4 N. 33° E. 3 26°3 N. 19° W. 
VIII. | 10 May 1912. 8 289:°8 N. 43° E. A 85-2 N. 61° W. 
1D.& 6 Dec. 1912. 28 1975: N. 28° E. 12 222-9 N. 63° W. 
X. | 26 Mar. 1913. 13 1136°1 N. 25° E. 3 54:9 N, 68° W. 

113 39 
S. and E S. and W 

1. | 28 Nov. 1910. 2 11-6 S. 23° E 4 30-2 S. 56° W 

II. | 21 Mar. 1911. — nes = 4 38-2 S. 64° W 
IM. | 25 Apr. 1911. = me == 2 23-7 S. 66° W. 

IV. | 19 June 1911. = == 4 24:4. S. 48° W. 
V. | 11 Sept. 1911. 2, 20:4 S. 19° E. 3 19-9 S. 67° W. 
VI. 7 Mar. 1912. 1 1: SH739 KE: 3 17°4 S. 30° W. 
VII. | 24 Apr. 1912. 1 5: Sees ckk? 4 30:3 S. 66° W. 

Vill. | 10 May 1912. 2 225°3 S. 53° EB. 4 34:7 S. 64° W. 

EXE 6 Dec. 1912 1 5- S$) 32h: 6 59:2 S. 66° W. 

X. | 26 Mar. 1913. 1 102: S. 10° E. 3 8-2 S. 30° W. 
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IMMATURE MAuzs. 


N. and E. N. and W. 
Mean No. of Mean 
Distance. | Direction. Fish. Distance. | Direction. 
Miles Miles. 
TI. | 21 Mar. 1911. — = == 1 23° N. 84° W 
VIII. | 10 May 1912. —— = — 1 6° N. 30° W. 
eX: 6 Dec. 1912. 3 308 -2 N. 26° E. 1 26° N. 58° W 
X. | 26 Mar. 1913. — — = 2 37°8 N. 58° W 
3 5 
S. and E. S. and W. 
II. | 21 Mar. 1911. == = == 1 5- S. 80° W. 
IV. | 19 June 1911. — — = 3 159 S. 51° W 
V. | 11 Sept. 1911. — ae = ] 13°5 S. 35° W. 
VI. 7 Mar. 1912. — == — 1 16: S. 24° W. 
VIII. | 10 May 1912. 1 10: S. 66° E. 1 5: S. 52° W. 
1 7 
ADULT FEMALES. 
N. and E. N. and W. 
Experi- == 
cael, Date. 
No of Mean No. of Mean 
Fish. | Distance. | Direction. Fish. | Distance. | Direction. 
Miles. Miles. 
4. | 28 Nov. 1910. 26 1968 N. 28° E ] 4: N. 39° W. 
Il. | 21 Mar. 1911. 8 322-7 N. 35° 4 88: N. 77° W. 
TH. | 25 Apr. 1911. 4 344°5 N. 53° E 1 2 N. 21° W. 
IV. | 19 June 1911. 3 71°8 N. 61° E ~ — — 
V. {| 11 Sept. 191]. 7 364-2 N. 36° E — = Fi 
AALS 7 Mar. 1912. 16 867-7 N. 30° E 10 177-5 N. 60° W. 
VII. | 24 Apr. 1912. 13 6101 N. 32° E 5 56-7 N. 50° W. 
VIII. | 10 May 1912. 2 101° N. 41° E 2 331 N. 20° W. 
1D-@ 6 Dec. 1912 30 2165:1 N. 28° E 6 103 °5 N. 64° W. 
X. | 26 Mar. 1913. 14 661-2 N. 32° E 5 78:1 N. 74° W. 
123 34 
S. and E S. and W 
I. | 28 Nov. 1910. 3 39-2 S. 33°-E. 3 59°8 S. 78° W. 
TI. | 21 Mar. 1911. —_ = = 3 14°9 S. 54° W. 
II. | 25 Apr. 1911. 1 4: S. 18° E. 4 215 S. 52° W. 
IV. | 19 June 1911. 2 29:9 S. 27° E. 1 6: S. 50° W. 
VY. | 11 Sept. 1911. = — == 5 28:5 8. 45° W. 
VI. 7 Mar. 1912. ae 134:1 S 74° KE. 13 110° S. 63° W. 
VII. | 24 Apr. 1912. 7 408: S. 40° E. 16 138°9 S. 62° W. 
VIII. | 10 May 1912. 2 5: Ss.) Sor 8 56°8 S. 45° W. 
IX. 6 Dec. 1912. 3 261-4 S. 41° E. 6 P25 S. 72° W. 
X. | 26 Mar. 1913. 4 56:8 § 53° E. 1 EEG: 7 —| S. 50° W. 
: =e F=6 |e |__| S27 G2 4¥ #> 


[TaBLE, 


10 


IMMATURE FEMALES. 


N. and E. N. and W. 
aang Date. . 

; No. of Mean No. of Mean 

Fish. Distance. | Direction. Fish. Distance. | Direction. 
Miles. Miles. 

I. | 28 Nov. 1910. 2 76:8 IWS VA 13) 2 13°9 N. 40° W. 
II. | 21 Mar. 1911. — = — 4 89°8 N. 75° W. 
Ill. | 25 Apr. 1911. 1 34: N. 12° E 3 39:1 N. 60° W. 
lV. | 19 June 1911. 1 45: N. 62° E 1 16- N. 38° W. 
V. | 11 Sept. 1911. 5 287°5 N. 24° E 4 80°8 N. 76° W. 
VI. 7 Mar. 1912. 1 20° N. 15° E 7 82: N. 56° W. 

VII. | 24 Apr. 1912. 1 8: INES 772 a = — == 
VIII. | 10 May 1912. 4 69-7 N. 49° EB 3 36°8 N. 24° W. 
IDS 6 Dec. 1912. 10 759-8 Nees 9 139-2 N. 62° W. 
X. | 26 Mar. 1913. 9 54:9 N. 31° 3 46°5 N. 47° W. 

ml 36 
S. and E S. and W. 

I. | 28 Nov. 1910. 2, 18+] S. 60° E 1 5: S. 50° W. 
Il. | 21 Mar. 1911. — = as 1 49: Sar 225s 

III. | 25 Apr. 1911. 1 Tie S. 36° E = — _— 
IV. | 19 June 1911. — — — 11 79-2 S. 54° W. 
V. | 11 Sept. 191]. — = — 7 65: S. 65° W 
VI. 7 Mar. 1912. 1 9: S. 64° E 7 62°9 S. 33° W. 
VII. | 24 Apr. 1912. 2 9°8 S. 37° E 5 Pye S. 38° W. 
VIII. | 10 May 1912. 1 6: 8. 25° E 8 17:4 S. 67° W. 
ID.G 6 Dec. 1912. 3 200°8 8. 14° E 2 18-9 S. 59° W. 
X. | 26 Mar. 1913. 1 24: S. 30° E 3 18°9 S. 48° W. 

11 45 


Owing to the labour involved, collective results for all the fish in each quadrant, 
male and female, adult and immature, were calculated only for one experiment, 
viz. No. 9. The total number of plaice recaptured, about which the necessary 
particulars were obtained, was 120. The results were as follows :— 


71, or 59°1 per cent., migrated in the mean direction N. 28° H., the aggregate miles 
being 5207-6, and the average 73°3. 

28, or 23°3 per cent., migrated in the mean direction N. 63° W., the aggregate 
miles being 491°6, and the average 17:6. 

7, or 58 per cent., migrated in the mean direction 8. 29° H., the aggregate miles 
being 456°4, and the average 65:2. 

14, or 11°6 per cent., migrated in the mean direction S. 68° W., the aggregate miles 
being 151°3, and the average 10°8. i 


III. A third method was adopted for the experiments at 20 miles east of the 
Isle of May, by calculating the resultant not for each of the quadrants separately 
but for all directions together, so that the net result of the migrations of all the 
recaptured plaice might be represented by a single lime. These calculations were 
kindly made by Dr. Tocher, Lecturer on Statistics, University of Aberdeen. In 
this case also, the sexes were considered separately, adults being distinguished from 
immatures, and the direction taken by each fish throughout the whole of its migra- 
tion was taken into account, and not merely, as in the above methods, the initial 
direction of those which went northwards and then passed westwards. The 
distinction affects only those which turned westwards into the Moray Firth, oc 
farther, and not those found to the south of the Moray Firth. For example, one 
of the marked plaice from Experiment No. 5 was taken south of Cape Wrath, and 
the dizections and distance drawn on the chart from the station where it was 
liberated to the place at which it was recaptured are as follows :—N. 24° HE. 85 miles ; 


il 


N. 17° W. 77 miles ; N. 76° W. 62 miles ; S. 66° W. 144 miles. By the first two 
methods described above, the direction taken was the initial direction alone, 
N. 24° EK. Owing to this westerly factor in such instances, and the initial westerly 
direction of many of the fish in other cases, the net resultant passes to the land, 
or overit. The results are given in the following table :— 


Males. Females. 
No. Adult. Immature. Adult. Immature. 
of 
Expt. A ee A 
ee Mean ABEL Mean wee Mean wees Mean 
Dist. Direction Dist. Direction Dist. Direction Dist. Direction 
(Miles). ‘| (Miles). ‘| (Miles). “| (Miles). : 
Ts 62°04 N. 15° W. oA ar 55°41 NS G38); 16°78 W. 
Il. 41°35 N. 36° W. 14° S. 88° W. 28°23 IN Zi Wie 28°4 S. 86° W. 
III. 58° N. 28° W. ae Ae 40°85 | N. 53° W. 14°67 | N. 48° W. 
[V. 34°1 N. 24° W. 5°33 S. 51° W. 13°2 N. 84° W. 12°36 S. 88° W. 
Vv. 41°52 N. 38° W. 135 N. 40° E. 33°58 WE OO Mie 26°84 N. 68° W. 
VI. Below | N= 60> We 16° S. 24° W. 27°84 | N. 54° W. 12°63 S. 84° W. 
VII. 34°95 | N. 6° W. ‘a na 27°65 | N. 69° W. 6°44 S7ibeeWe 
VIII. 20°16 N. 88° W. 7 S. 45° W. 14°03 S. 82° W. 12°04 N. 61° W. 
1D.@ 40°67 IN 23° Wi 56 N. 6° W. 46°82 N. 17° W. 41°29 N. 46° W. 
xX. 45°89 NBR WWE 20 N. 63° W. 26°83 WN. 36° W.. 12°75 N. 79° W. 


Mean.| 40°641 | N. 29° W. 18°83. | N. 77° W. 31°444 | N. 45° W. Sch 2 New iidice Wie 


In the case of the adult males, the resultant mean direction ranged from N. 6° W. 
to N. 60° W. in the different experiments, the former being a line cutting the coast 
at Milton Ness, a little north of Montrose, and the latter a line running into St. 
Andrew’s Bay to the north of St. Andrews. The mean direction for the adult males 
in all the experiments was N. 29° W.,a line which cuts the coast between Arbroath 
and Red Head. The mean direction for the adult females varied in the different 
experiments from N. 6° H., a le which cuts the coast a little south of Stonehaven, 
to 8. 82° W., which runs to the mouth of the Firth of Forth ; and the mean for 
all the experiments was N. 45° W., a line which touches the coast of Forfarshire 
between Buddon Ness and Arbroath. The mean line of migration for the immature 
otf both sexes was N. 77° W., which touches the coast of Fife a little south of Fife 
Ness. 
(b) Between Elie and Fidra. 


A glance at the migration charts shows that here also the predominant migra- 
tion was to the northwards, and that comparatively few of the marked plaice were 
recaptured within the Firth of Forth itself. As is shown in the following table, 
of 480 of the marked plaice recaptured, about which the necessary particulars 
were obtained, 102, or 21:2 per cent., were taken within the Firth of Forth, and 
378, or 78°7 per cent., outside the Firth. Of the latter, 294, or 61:3 per cent. of 
all recaptures, were found south of Kinnaird Head, that is, south of the Moray 
Firth ; 51, or 10°6 per cent., were obtained in the Moray Firth, while 33, or 6-9 per 
cent., were recaptured still farther to the north or west ; only 18, or 3°7 per cent., 
were recovered to the south of the Firth of Forth (Lat. 56° N.). 


| TABLE. 
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abe Aas 
Inside Outside | South of | In Moray Farther | South of 


Recaptured. q Be init : North Forth 
P Forth. Forth. | Kinnaird.| Firth. and West.| (56° N.). 
Expt. 
= Per Per Per Per Per Per Per 
No. Cent. No. Cent. No. Cent. No. Cent. No. Cent. No. Cent. No. Cent. 
ie 66 67°7 4 | 61 | 62 |93°9 | 44 | 66:7 9 | 13°6 9 |13°6 DAMN SSP 
If 55 ayayr UBY |) 2B | ZO kes Sl | as} Salelacd 3 5:4 3 a5) 
JHE 28 60° LOAD Sy SG arose |) 12a 6 on LO 1 Sra) || oace eae 
IAW 21 46°2 4 | 19° SOO deriGilsS 2, 9°5 2 95 d de 
Wr D7 54: HuELS b> | 22 Sieh e | Sa G66s7 2 pa 2 WEE bcc ke 
VI. 35 52° 14 | 40° 21 | 60° 20 157°1 ae 1 2°9 3 86 
WANT 66 66° 14 |21°2 | 52 |'78°8 | 41 | 62°71 7 |106 4a (GE i if) 
Vili 71 69:6} 10 | 14:1 | 61 | 85:9 | 46 | 64°8 fove] JbILcS} ri 9°8 3 4-2 
1D. 56 56° 16 | 28°6 | 40 | 71°4 | 37 | 6671 D436 1 Ley 4h opel 
X. 55 56° LOM ALS 45a 818 | 3821582) 104) 18:2 3 5-4 2 3°6 
480 102 378 294 51 235} 18 


(with| particu|lars). 21°2 78°7 61:3 10°6 | 69 3°7 


Since trawling, the method of fishing by which most of the marked plaice 
were taken, is prohibited in the Firth of Forth, the facts may be stated in another 
way. Of the total of 823 plaice which were marked and liberated, the percentage 
recaptured in the Firth of Forth was 12:4, and outside the Firth, 45:9; 35°7 per 
cent. were taken south of Kinnaird, 6:2 per cent. in the Moray Firth, 4 per cent. 
farther north and west, and only 2°2 per cent. south of the Firth of Forth. 

Two experiments were also made 3 miles north-east of Fidra Light, with results 
very similar to those above described, the majority of the fish going to the north- 
wards. In the first experiment, where 100 plaice were marked and liberated, 
67 were recaptured, Of these, 8, or 11:9 per cent., were taken within the Firth 
of Forth, and 59, or 88-1 per cent., outside it. Seven, or 10:4 per cent., were got 
in the Moray Firth, and only 2, or 3 per cent., were recaptured south of the Firth 
of Forth. In the other experiment, of 100 fish liberated, 50 were captured, 10, or 
20 per cent., in the Firth of Forth, and 40, or 80 per cent., outside the Firth. In 
this case, 3, or 6 per cent., were got in the Moray Firth, and 5, or 10 per cent., 
south of the Firth of Forth. The particulars are given in the following table :— 


eRe: | Inside Outside | South of | Farther | South of 


Rental In Moray | 
| Bede, captured, Forth. Forth. Kinnaird. Firth. ao Gon. ) 


No. ¥ |No.| % | No. % \ NO; | 


yh No. 0:| % iow, 
il 67 | 67° | 8 | 11:99; 59 | 88:1) 46 | 68°7 FT ALOr4e|! “Galege 2 oc 
7 | 3 | & | 1) o ied aos 


i: 50 | 50° 10 | 20° 40 | 80° 36 | 


| 
\ 


kara | | | 
| 117 | 585) 18 | 154/ 99 | 846) 82| 701) 10) 85| 7/59) 7) 6 
| (with particulars). | | | 


(2) ABERDEEN BANK. 


The results at the station at Aberdeen Bank were somewhat different from those 
in the area of the Firth of Forth, a larger proportion of the marked plaice bemg 
got to the south of the station. This station lies at a considerable distance from 
shore, about 333 miles S.E. by E. } 8. from Aberdeen, the nearest land, and has 
a depth of 34-37 fathoms of water. The great majority of the fish moved shore- 
wards towards the west, and about as many to the south as to the north. This 
was especially marked in the experiments made in the summer months. The 
following table shows the numbers, so far as the particulars serve, which were 
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found farther north than the latitude of the station (56° 55’ N.) and farther south. 
Of a total of 720 recaptured, 380, or 52°8 per cent., were found to the north, and 
319, or 44'3 per cent., to the south ; 21 were recaptured in the same latitude. It 
will be observed that the proportion which went north was, as a rule,.least in the 
experiments made in summer, and largest in those made in autumn. 


Experi- To To Same 
ment. Date. North. South. Latitude. Total. 

I. 10 June 1910 “ : > 102 86 5 193 
i 21 Oct. 1910 é ‘ : 143 40 3 186 
1 19 July. 1911 ; ; g 23 32 3 58 
TY. 6 July 1912 : : ‘ 23 36 — 59 
V. 21 Sept. 1912 : ; : 20 16 1 37 
VI. 27 Mar. 1913 , ; ; 34 35 8 Me 
VII. 21 May 1918 : é : 14 52 1 67 
VIII. 13 Nov. 1913 F : : 21 22 — 43 
380 319 21 720 

52-8 44°3 2°9 


As is shown in the section dealing with the migration of spawning fish, this 
seems to be due to the more marked northerly migration of the fish with ripening 
reproductive organs in autumn. 

All the recaptured plaice from this station have been dealt with according to 
the first method referred to above for the experiments at 20 miles east of May. 
It will be seen from the following table that 84 fish were recaptured in the ‘‘ north- 
and-east ’ quadrant, the mean direction being N. 33° E., the aggregate mileage 
3661, and the average distance travelled 43-6 miles ; when this line is placed on 
the chart, it passes north-east, parallel to the coast, to the latitude of Rattray 
Point. No less than 366 went to the “‘ north-and-west,” the mean direction in 
this case being N. 45° W., the aggregate mileage 15,143, and the average distance 
migrated 41-4 miles ; this line, when placed on a chart, passes into Aberdeen Bay. 
To the “south-and-east ” 36 fish were recaptured, the mean direction being S. 
24° E., the aggregate mileage 1049, and the average distance migrated 29 miles ; 
this line passes offshore to the south-east. To the “south-and-west ” 229 fishes 
were recaptured, the mean direction of migration being 8S. 52° W., the aggregate 
mileage 7319, and the average distance migrated 32 miles ; this line runs almost 
parallel to the coast, but a little more to the west, to nearly opposite the mouth of 
the Tay. It will be seen that the general westerly movement of the migrations 
above referred to is conspicuous, 595 of the fish being taken to the westward ot 
the station, and 120 to the eastward. 


rT . [Tapue. 
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(3) FAIR ISLE. 


Eight experiments were made in the neighbourhood of Fair Isle. The number 
of plaice marked and liberated was 940, of which 461, or 49 per cent., were recap- 
tured. The fish were set free at five different localities, as detailed later on when 
dealing with the experiments (p. 217). The depths of water in these cases were very 


_ considerable, ranging from about 60 to 74 fathoms, that is to say, water much deeper 
_ than the plaice normally inhabits. As was to be expected in such circumstances, 


the movement of the fish was from the deeper to the shallower water near the coast, 
and the great majority were recaptured to the east of the Orkneys, or farther south, 
in the Moray Firth. Comparatively few were found to the north, but some were 
taken even to the north of Shetland, and a fair number at the little island of Foula, 
to the north and west. In the following table, the number of fish which have gone 
in the various directions, north-and-east, north-and-west, etc., have been tabulated 
according to the first method formerly described. It will be seen that, of 435 of the 
marked plaice which were recaptured, about which particulars exist, 283, or 65:1 
per cent., moved to the south and west, the mean direction being 8. 56° W.., the 
ageregate mileage, 21,126, and the average distance, 75 miles; only 27, or 6:2 per 
cent., were taken to the south and east, the mean direction being 8. 32° E., the 
aggregate mileage, 2666, and the mean distance , 99 miles; to the north and west, 
the number recaptured was 100, or 23 per cent., the mean direction being N. 39° W.., 
the aggregate mileage, 3593, and the average distance, 36 miles; only 19, or 11-6 
per cent., were taken to the north and east, the mean direction being N. 26° E., 
the total mileage, 900, and the average distance, 44 miles. Thus, 383 of the fish 
were found to the westward of the station. 


| TaBue, 
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In determining the mean direction of migration of the experiments at Fair 
Isle, the second method previously referred to was also adopted, with results set 


forth in the following table :— 


ApuLT MALEs. 
N. and E. N. and W. 
Experi-| Date 
No. of Mean No. of Mean 
Fish. | Distance. | Direction. Fish. | Distance. | Direction. 
Miles. Miles. 
Te 4 Nov. 1910. — = — 14 842 ‘6 N. 72° W 

II. | 15 Sept. 1910 1 8: N. 53° B. — a = 
II. Do. 3 115: N. 27° E 4 135°5 N. 38° W 
IV. Do. il thie N. 29° E. 1 46° INES ow) 

V. | 11 Apr. 1911. 1 79- N. 27° E. 1 13 N. 11° W 
Wie | 12'Oct: 19LL. — — — 3 109° N. 53° W 

Vil. | 19 June 1912. _ — — 3 is p9S% N. 76° W 
VIII. | 22 Nov.#1912.4 — — = 2 23°9 N. 26° W 
6 28 
S. and E. S. and W. 
L. 4 Nov. 1910. — — as Ay 3358 ‘1 S. 63° W. 

II. | 15 Sept. 1910. 1 236° S) 28° #. 3 107-9 S. 48° W. 
M11. Do. 4 378 °2 S307 E. 38 3046 :1 S. 57° W. 
lV. Do. — — — 3 325°3 S. 57° W. 

Wary LtApe: 191). — - — u 482°7 S. 50° W. 
VI. | 12 Oct 1911. 1 397: S2yo° h: 9 929°8 S. 58° W. 

VIL. | 19 June 1912. — —- — 5 379-7 S. 60° W. 
VIII. | 22 Nov. 1912. 2 293 6 8. 53° E 10 799 °7 S. 40° W. 
8 122 
IMMATURE MALEs. 
N. and E. N. and W. 
Ba) Date 
. No. of Mean No. of Mean 
Fish. Distance. | Direction. Fish. Distance. | Direction. 
Miles. Miles. | 
Ver aaeApr 1SLi. — — — 1 16: N. 59° W. 
1 
S. and E S. and W. 

II. | 15 Sept. 1910. — — — 1 6° S. 4° W. 
WOE Do. 1 20 Sielor ds — — — 
IV. Do — — 1 106°5 8. 47° W. 

VIL. | 19 June 1912. — —— == 1 190- S. 27° W. 
Vill. | 22 Nov. 1912. — — = 1 41: S. 63° W. 
1 4 | 


[ TaBLE. 
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ApULT FEMALES. 


N. and E. N. and W. 
Experi 
Date. 
ment No. of Mean No. of 
Fish Distance. | Direction. Fish Distance. 
Miles. Miles. 
ie 4 Nov. 1910. 2 45-9 N. 8° BE. 22 828-7 
TIl. | 15 Sept. 1910. 2 148 °6 N. 63° E. 12 300 ‘6 
VE Do. — — 3 18} 
V. | 11 Apr. 1911. 1 84 N. 25° E 9 96°9 
VI. | 12 Oct. 1911. — — — 1 8l- 
Vil. | 19 June 1912. 1 12 ING ie 8 198°8 
VIII. | 22 Nov. 1912. — — — 4 826 
6 59 
S. and E. S. and W. 
1k 4 Nov. 1910. = = 31 1845-2 
II. | 15 Sept. 1910. 2 10°9 S 42° B 2 169-1 
IIT, Do. — t — 37 2177-9 
IV. Dork oths — — f — a 404-9 
We) Ul vayore eT 1 188: Sh OLD. 6 368 °5 
VI. | "12 Oct. 1911. 1 90- S. 36° E. 19 15136 
VII. | 19 June 1912 3 3081 ee Clo 1 De 14 840 °2 
VIIL | 22 Nov. 1912. 3 121-3 S. 42° E. 5 347-7 
10 121 
IMMATURE FEMALES. 
N. and E. N. and W. 
Experi- — 
Date. 
meu: No. of Mean No. of 
Fish. Distance. | Direction. Fish. Distance. 
Miles. Miles. 
df 4 Nov. 1910. 1 86° INE cB 5 104°3 
ILL. | 15 Sept. 1910. 4 182-4 ING cine 1 3 56:7 
VE Do. 1 39 N. 62° E. = = 
VI. | 12)Oct. 1911. 1 63° INS 122 Re = == 
VII. | 19 June 1912. - = —— ] 44- 
VILL. | 22 Nov. 1912. 1 ile N. 19° EH. 1 4]: 
8 10 
S. and E. S. and W 
If 4 Nov. 1910. ] 187: S. 3a° E 12 736°3 
TI. | 15 Sept. 1910. i Dr S. 43° E 1 30° 
1900 Do. 2 35°3 S. 50° E 9 442 -4 
Ve Acor O11: 1 118: Sendo: 2 1234 
VI} 12 Oct. 1911: 2 168-5 S. 20° E 2 225°7 
VII. | 19 June 1912. l 56° Safed Dy 6 391°9 
VIII. | 22 Nov. 1912. = — — 1 46: 
8 33 


Mean 
Direction. 


66° W. 
34° W. 
45° W. 
29° W. 
56° W: 
28° W 
18° W. 


74° W. 
84° W. 
55° W. 
52° W. 
41° W. 
54° W. 
55° W. 
. 53° W. 


MAM mn mM 


Mean 
Direction. 


Az 


AZ 


v9 
ra) 
ie) 


It will be seen that, of the 164 adult males about which particulars exist, only 6 
went to the north and east, 8 to the south and east, while 28 moved to the north 
and west. and no fewer than 122 to the south and west ; in the last case the mean 


direction varied from 8. 40° W. to 8. 63° W. 


Of the 196 adult females about which 
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particulars exist, 6 moved to the north and east, 10 to the south and east, 59 to the 
north and west, and 121 to the south and west ; the mean direction taken to the 
north and west in the different experiments ranged from N. 18° W. to N. 66° W., 
and the mean direction of those which migrated to the south and west was from 
S. 41° W. to 8S. 84° W. When drawn on a chart, these lines run as follows :— 
S. 63° W. passes into the Moray Firth, ina line with Tarbet Ness ; 8. 40° W. passes to 
Troup Head on the south coast of the Moray Firth, so. that the mean direction, in 
this quadrant, of the experiments as a whole lies between Tarbet Ness and Troup 
Head, that is, on the south shore of the Moray Firth. In the north-and-west 
quadrant, the line N. 18° W. passes close to Foula, off the south-west coast of the 
Shetland Isles, and the line N. 66° W. passes close to the north of the Orkneys. 

An interesting feature of the experiments at Fair Isle is the number of plaice 
which moved south, not only into the Moray Firth and its southern part, but 
travelled on, south of Rattray Head, to the east coast of Scotland. For instance, 
26 were found to the south of Buchanness, a few of them near the Bell Rock or off 
the mouth of the Firth of Forth, others off the coast of Aberdeen. Thus, these fish 
migrated in a direction contrary to that of the majority which were marked on the 
east coast, that is to say, in the direction of the current instead of against it. It 
would appear that these fish, im moving from the deeper to the shallower water, 
continued their movement ‘n the direction in which they began it. It is question- 
able whether the movement of the current in the depths at Fair Isle is anything like 
as strong as in the shallower water, and it is probable that it is this movement 
which is the important factor in directing the migration of the fish. Of the total 
number recaptured, 49 were taken to the west of the Orkneys, mostly on the north 
coast of Scotland, but 17 of them west and south-west of Cape Wrath. 


3. THE SPAWNING MIGRATION. 


Special attention has been given to the migratory movements of fish which 
were found to be “spawning” or “ripe,” when captured, and charts have been 
prepared showing the migration of each “ripe” and “spawning” fish. The 
number of marked plaice recaptured, which were described as “spawning,” was 
216, viz. 146 males, 67 females, and 3 whose sex was not stated. 


I. FIsH DESCRIBED As “‘ SPAWNING.”’ 


(1) FIRTH OF FORTH. 


From the experiments made at 20 miles east of the Isle of May, 21 of the plaice 
recaptured were “ spawning,” 14 males and 7 females. One of these fish was found 
in London, and the place where it was captured is unknown. Of the other 20, 
18 were recovered to the north and east, at distances of from 16 to 238 miles, a male 
being taken 16 m'les to the east of the Bell Rock; 11, 8 males and 3 females, were 
recaptured at Aberdeen Bank, or in its vicinity, at distances of from 37 to 55 miles ; 
3 were recaptured in the Moray Firth, 2 in the neighbourhood of Banff, and 1 off 
Dunrobin Castle ; 2 were got to the east of the Orkneys, at distances of 164 and 
173 miles; and 1 was recaptured 14 miles W.S.W. of Cape Wrath, at a distance of 
238 miles. The mean rates of movement of these fish ranged from 1:1 to 17 miles 
per 10 days. One fish was recaptured 15 miles to the westward, near Carr Light, 
and another 34 miles to the south-west of the station. 

The number of “ spawning ” plaice recaptured from the experiments in the Firth 
of Forth between Elie and Fidra was 50, 30 males, 18 females, and 2 of unknown sex. 
The place of capture of all but 1 of the females was ascertained. Of the total, 46 
had migrated to the north-and-east, and 3 to the south-and-east. Of those which 
were found to the north and east, | was taken within the limits of the Firth of 
Forth, ? of a mile off Pittenweem, Fife, at a distance of 5 miles; 2 north-east of 
Fife Ness, at distances of 17 and 28 miles; 3 east and south of the Bell Rock, at dis- 
tances of 29 and 39 miles ; 2 north-east of May Isle ; 11 westward of Aberdeen Bank, 
at distances of from 58 to 75 miles; 1 off Aberdeen Bay, at 72 miles distant ; 4 off 
Buchanness, at distances of from 81 to 90 miles; 15 in the Moray Firth; 12 on the 
south shore of it, at distances of from 127 to 174 miles. most of them near Banff; 
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and 3 on the north coast of the Firth, at 153 to 168 miles distant; 1 between the 
Orkney Islands, at 192 miles; 1 to the east of the Orkneys and south of Fair Isle, 
at 195 miles ; 2on the north coast of Scotland, at distances of 208 and 225 miles; and 
1 at Loch Inchard, on the west coast of Scotland, at a distance of 256 miles. The 
3 fish which were taken to the south and east had also travelled long distances. 
The first was caught 32 miles E.8.E. of Longstone Light, at a distance of 75 miles; 
the second 24 miles E. by 8. of Hartlepool, at 122 miles distant ; and the third 21 
miles E. of Flamborough Head, at 161 miles distant. Of these, the sex of the first- 
mentioned was unknown, the second was a female, and the third a male. 

It is of interest to note that plaice from the Firth of Forth migrated to the 
Moray Firth to spawn, and some of them did so with considerable speed. Thus, 
2 liberated in November 1910, between Elie and Fidra, were recaptured, 1 off 
Banff, in January 1911, after 55 days, and the other off Lossiemouth, in March 1911, 
after 104 days, the rates of movement being respectively 24-7 and 15-6 miles per 10 
days. The fish recovered at Loch Inchard was taken in March, after 114 days, 
the rate of speed being 22-4 miles, and 1 of those recaptured on the north coast was 
taken also in March, after 106 days, the rate of travel being 21-2 miles. 

From the station, 3 miles from Fidra Light, 11 “spawning” plaice were 
recaptured, all to the north and east. Ten of these were from the first experiment 
on 5th December 1912, and of these 1 was taken off Fife Ness, at a distance of 
11 miles; 2 were recaptured north-east of the Bell Rock, at distances of 33 and 
40 miles ; 2 south-east of Aberdeen, at distances of 68 and 69 miles; 1 south-east 
of Buchanness, at a distance of 99 miles; and 2 near Buchanness, at distances of 
84 and 91 miles; the remaining 2 fish were found in the Moray Firth, 1 off Banff. 
at a distance of 145 miles, the other off Dunbeath, on the north coast, at a distance 
of 166 miles. A fish, liberated on 30th May 1913, at this station, was recaptured 
to the south-east of Aberdeen, at a distance of 67 miles, in January of the next year. 

From the experiment in St. Andrew’s Bay (3rd December 1913), two “ spaying” 
males were recaptured, at 17 and 20 miles eastwards, south of the Bell Reck. 

From the experiments at 40 miles east of the Isle of May, 12 “ spawning ” 
plaice were recaptured, 8 to the north and east, at distances of from 31 to 194 
miles; 3 were recaptured in the neighbourhood of Aberdeen Bank, at distances 
of 31, 36, and 37 miles, 4 in the Moray Firth, 2 of them off Banff, at 108 and 109 
miles distant, a third in the Dornoch Firth, at a distance of 139 miles, and the 
fourth off the Ord of Caithness, at 151 miles, 1, 30 miles E.N.E. of Sule Skerry, 
to the west of the Orknevs, at a distance of 194 miles. Four were taker to the 
north and west, | at Aberdeen Bay, 52 miles distant, another 5 miles E.N.E. of 
Stonehaven, 45 miles to the westward, and 2 E.N.K. of Mav Isle, at distances of 
18 and 24 miles. 

From the experiments at 50 miles east of the Isle of May, 7 “ spawning ” plaice 
were recaptured. One was taken 20 miles eastwards of the Isle of May, at a distance 
of 32 miles from the station ; 3 were recaptured south-east of Aberdeen, near 
Aberdeen Bank, at 25 and 37 miles to the north and east. and 38 miles north; 
1 was found 8 miles south-east of the Bell Rock, 36 miles to the west and north ; 
another, in Eddrachilles Bay, Sutherland, on the west coast of Scotland, at a 
distance of 236 miles; and the last, 27 miles E. by 8. of Hartlepool, 103 miles to 
the south and west. 

Only one “spawning” plaice, a male, was recaptured from the experiments 
at 100 miles east of the Isle of May (Experiment II.) ; it was taken on Aberdeen 
Bank, 50 miles to the north and west of the station. - 


ee 


(2) GREAT FISHER BANK. 


One “spawning” female was recaptured from the experiment at Great Fisher 
Bank in July 1911 ; it was taken 99 miles to the north and west. 


(3) TOD HEAD. 


One ‘“‘ spawning ” fish, a male, was recovered from the experiment made off 
Tod Head in July 1912; it was taken 38 miles to the north and east, offshore, 
eastwards of Aberdeen. 
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(4) ABERDEEN BANK. 


Forty-two “spawning” plaice were recaptured from the experiments at Aber- 
deen Bank, 24 males, 17 females, and | whose sex was not recorded. Thirty-eight 
of these fish had migrated to the north and west, towards the coast of Aberdeen 
and the Moray Firth; 11 were recaptured at short distances to the north and 
west, off the coast of Aberdeen, at from 8 to 15 miles; 2 were taken off Buchan- 
ness, 1 at a distance of 26 miles, and the other at 35 miles; 1, 7 miles south-east 
of Aberdeen, at a distance of 26 miles, and | off Aberdeen Bay, at a distance of 
30 miles ; no less than 16 were got inthe Moray Firth, 10 at or near Banff, at a 
distance of 77 miles, 4 on the north coast at from 104 to 110 miles, 1 inthe Dornoch 
Firth, at a distance of 119 miles, and 1 off Burghead (on the south shore) at 106 miles 
distant ; 3 were recaptured at the mouth of the Moray Firth, at 71, 88, and 103 miles 
distant ; 2 on the north coast of Scotland, at 148 and 150 miles; 1 to the north- 
east of the Orkneys, at a distance of 140 miles; and 1 on the west coast of Scot- 
land, 114 miles W.S.W. of Cape Wrath, at a distance of 197 miles. Four were 
recovered to the south and west, at distances of from 20 to 45 miles. 


(5) ABERDEENSHIRE COAST. 


We may include under this heading 6 “ spawning ”’ fish, 3 males and 3 females, 
recaptured from the experiment at Cruden Scaurs, off the coast of Aberdeen. Of 
these, | was taken 49 miles to the south and west, off the Bell Rock, a distance of 
49 miles; 2 in the Moray Firth, 1 near Banff, at 61 miles distant, and the other 
in the Dornoch Firth, at a distance of 104 miles; 1 was found south-west from 
Rackwick Bay, on the west of the Orkneys, at a distance of 129 miles; 1, off 
Auskerry, to the east of the Orkneys, at a distance of 117 miles; and the sixth, 
14 miles 8.8.E. of Fair Isle, at a distance of 133 miles to the north and east. 

One “spawning” male was recaptured from the experiment off Rattray 
Head; it was taken 6 miles off Clythness, in the Moray Firth, at a distance of 
64 miles. 

A “spawning” male was also recaptured from the experiment off Kinnaird 
Head : it was taken near Smith Bank, in the Moray Firth, at a distance of 33 miles. 


(6) MORAY FIRTH. 


‘ 


Nineteen fish, namely, 16 males and 3 females, were taken in a “ spawning ” 
condition from the experiments made at Smith Bank. Of these, 15 were recaptured 
within the Morav Firth itself ; 9 were taken in the Dornoch Firth and near Tarbet 
Ness, at distances of from 27 to 44 miles; 7 were found on the north coast of the 
Firth, at distances of from 9 to 24 miles; of the remaining 3 fish, 2 were taken 
on the north coast of Scotland, at distances of 57 and 69 miles respectively, and the 
third 18 miles N.N.E. of Kinnaird Head, at a distance of 24 miles from the place 
of liberation. 

From the experiment at Burghead Bay, on 12th December 1913, 9 “ spawning ” 
plaice, 7 males and 2 females, were recaptured ; one of these was taken on the 
north coast of Scotland, at a distance of 105 miles, and all the others in the Moray 
Firth, 5 near Tarbet Ness, at distances of from 11 to 16 miles, 3 on the north coast, 
at 6, 17, and 28 miles. 

From the experiment at Dornoch Firth, on 23rd Apmil 1910, a male and a 
female in the “ spawning’ condition were recovered, both at a distance of 8 miles 
to the south-east of Tarbet Ness. 

From the experiment off Covesea Light, on 27th July 1910, 1 “spawning ” 
fish, a male, was recaptured, on the west coast, in the North Minch, at a distance 
of 152 miles. 

From the experiments off Tarbet Ness, in April and September 1911, 5 “ spawn- 
ing” fish, 3 males and 2 females, were got ; 3 were taken in the Moray Firth, 2 off 
Tarbet Ness, at 7 and 15 miles, and 1 off Clyth Ness, at a distance of 17 miles ; of 
the other 2, 1 was recaptured on the north coast of Scotland, at a distance of 66 miles, 
and the other on the west coast, 16 miles W.S.W. of Cape Wrath, at a distance of 
124 miles. 
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From the experiment at Nairn Bay, in November 1913, 3 “spawning” males 
were recaptured, 2 of them in the Dornoch Firth, at distances of 22 and 23 miles 
to the north and east, and 1 off Lybster, Caithness, 46 miles in the same direction. 


(7) FAIR ISLE. 


The number of “spawning” plaice recaptured from the experiments made at 
Fair Isle was 21, 16 males and 5 females. Of these, 18 were recaptured to the 
south and west; 4 to the east of the Orkneys, at 35 to 45 miles distant ; 3 in the 
Moray Firth; 1 off Whitehills, Banff, at a distance of 109 miles, another 3 miles 
south of Clyth Ness, at a distance of 93 miles, the third 6 miles off Berriedale Ness, 
at a distance of 103 miles; 4 on the north coast of Scotland, at distances of from 
100 to 112 miles to the south and west ; 2 on the west coast, 1 at Scourie Bank, 
Eddrachilles Bay, and the other near Ru Stoer, North Minch, at distances of 131 
and 178 miles; 2. 24 miles north-east of Kinnaird Head; 1, 7 miles §.8.E. of 
Buchannegs, at a distance of 119 miles; 1, 9 miles E.S.E of Buchanness, at a 
distance of 113 miles: and 1, 13 miles B.N.E. of Aberdeen, 126 miles to the south 
and west. One was recaptured near Foula, 117 miles to the north; 1, 9 miles 
N. by W. from Ronasvoe, Shetland, 81 miles to the north and west; and 1 at 
Scalloway, 46 miles to the north and west. 

From what is stated above, the general northward movement of the “ spawning ” 
fish along the east coast is evident. Only 4 were recaptured to the south of the 
Firth of Forth (56° N. Lat.), namely, 3 from the experiments at the station between 
Elie and Fidra, and 1 from the experiments at 50 miles E. of the Isle of May. A 
large number were taken south-east of Aberdeen, in the neighbourhood of Aberdeen 
Bank, and in the Moray Firth, no fewer than 78, mostly in the Dornoch Firth or 
neighbourhood, off the Caithness coast, and in the vicinity of Banff, where 22 were 
recaptured. The great majority of the lines of migration are consistent with 
the relation to the prevailing current, that is to say, in the opposite direction to 
the movement of the water, the chief anomaly being a few fish which moved south 
towards the coast of Aberdeen from the neighbourhood of Fair Isle. 

A special chart has been made showing, by a dot, the position where each 
“spawning ” fish was recaptured. From south to north, the main localities are 
as follows :—(1) to the south-east of the Bell Rock; (2) at Aberdeen Bank; (3) 
Closer to the shore between Aberdeen and Buchanness ; (4) In the Moray Firth, 
(a) oft Banff, (6) the Dornoch Firth, and (¢) the coast of Caithness. In connection 
with this distribution of ‘‘ spawning ” fish, however, it must not be forgotten that 
a very considerable amount of trawling takes place at Aberdeen Bank, and also cod- 
net and plaice-net fishing in the Moray Firth. The information is not, however, 
sufficient to make close analysis useful. 


II. Fish DrEscriIBED As “ RIPE.” 


All the fish which were described as “ripe” on recapture were also tabulated 
and charts made showing their movements and places of recapture. The number 
so described was 203, viz. 154 males, 48 females, and 1 whose sex was not recorded. 


(1) FIRTH OF FORTH. 


Thirty fish, said to be “ ripe,” were recovered from the experiments made at 20 
miles east of the Isle of May, 23 males and 7 females. Twenty-five of these were 
recaptured to the north and east, 2 to the north and west, 1 to the south and west, 
and 2 to the south and east. Three were got at 14, 13, and 23 miles to the north 
and east ; 7 were found near Aberdeen Bank, or on the coast of Aberdeen, at dis- 
tances of from 36 to 57 miles; 1 was taken near Buchanness at a distance of 74 
miles, and another 40 miles north-east of Buchanness, at 109 miles distant ; 8 were 
recaptured in the Moray Firth, 6 on the south shore, of which 3 were taken off 
Banff, and 2 on the north coast, at 144 and 132 miles distant ; 1 was recovered 25 
miles to the north-east of Kinnaird Head, at a distance of 106 miles, and another 15 
miles north of Kinnnaird Head, at 106 miles distant ; 1, 15 miles from Auskerry, 
east of the Orkneys, at a distance of 160 miles, and 1 on the north coast of Scotland, 
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at a distances of 215 miles. Of those which went south-east, 1 was got 35 miles 
E.S.E. of North Shields, at a distance of 97 miles, and 1, 158 miles KE. by S. of North 
Shields, at 176 miles distant ; 1 was taken 4 miles north of St. Andrews, 28 miles to 
the north and west ; and another 8 miles to the north and west ; 1 was recaptured 
6 miles to the south and west. 

Thirty-two “ripe ” plaice, 22 males, 9 females and 1 of unknown sex, were got 
from the experiments between Elie and Fidra, in the Firth of Forth. The place of 
capture of | of the males was not ascertained, and another male was described as 
_ having been taken “183 miles north-east of Caithness ” and cannot, therefore, be 
localised. None of the fish was recaptured within the Firth of Forth. Nine were 
taken at distances between 18 and 31 miles to the north and east, off May Isle and 
the Bell Rock, and 6 were found off the coast of Aberdeenshire, in the vicinity of 
Aberdeen, at distances of from 62 to 78 miles, and farther north 1 was got at 71 miles 
distant, 3 near Buchanness, at a distance of from 85 to 88 miles. Five were re- 
captured in the Moray Firth, at distances varying from 126 to 174 miles, and 2 
on the north coast, at 211 and 214 miles distant. Four were recaptured to the 
south and east, at 25, 36, 45, and 122 miles, the latter, a male, on the Whitby grounds. 

From the experiments at 3 miles from Fidra Light, 6 “ripe” plaice were re- 
captured, 3 males and 3 females. One was taken between the Carr Light and the 
Bell Rock, at a distance of 18 miles to the north and east ; another, at 23 miles in 
the same direction; 1 near Aberdeen Bank, at a distance of 71 miles; 1 far off- 
shore, off the Aberdeenshire coast, at a distance of 106 miles to the north and east ; 
and another to the east of the Orkneys, at a distance of 191 miles; the sixth, a 
female, was recaptured 26 miles to the south and west, opposite the mouth of the 
Firth of Forth. 

Only 1, a male, was recaptured from the experiment in St. Andrew’s Bay. It 
was taken to the east of the Isle of May, at a distance of 20 miles to the south and 
east. 

Six ‘‘ ripe ” plaice were recovered from the experiment at 40 miles east of the’ 
Isle of May, 3 males and 3 females. Four were taken to the north and east, | off 
Tod Head, at a distance of 33 miles ; another near Buchanness, at 60 miles ; and 2 
im the Moray Firth, 1 at Whitehills, Banff, at a distance of 110 miles, and the other 
near Clyth Ness, Caithness, at a distance of 135 miles. Two, both males, were got 
to the south and west, 1 at a distance of 8 miles, and the other at 25 miles, the 
latter to the east of St. Abb’s Head. 

Five, all males, were taken from the experiments at 50 miles east of the Isle of 
May, 1, 39 miles to the south and west, E.S.E. of the Isle of May ; another south- 
east of the Bell Rock, at a distance of 30 miles to the north and west ; a third, on 
the Whitby Grounds, 104 miles to the south and west; the fourth at Aberdeen 
Bank, 37 miles to the north and east ; and the last in the Moray Firth, off Whitehills, 
Banff, at a distance of 110 miles. 


(2) GREAT FISHER BANK. 


Hight were recaptured from the experiments at the Great Fisher Bank, 5 males 
and 3 females, 2 at 11 and 37 miles to the south and east, 1, 43 miles to the north 
and east, 3 to the south and west, at 13, 62, and 69 miles, and 2 to the north and 
west, at 137 and 156 miles, | of them on Aberdeen Bank. 


(3) ABERDEEN BANK. 


The number of “ripe” plaice recovered from the experiments at Aberdeen 
Bank was 41, 33 males and 8 females. The place of capture of 1,a male, was not 
determined. Of the remaining 40, 28 had migrated to the north and west, 6 to the 
south and west, 3 to the north and east, 2 to the south and east, and 1 to the west. 
Nine were found to the north and west of the station, towards the coast of Aberdeen. 
at distances of from 4 to 164 miles; 4 near Buchanness, at 32 and 35 miles: 12 
im the Moray Firth, 6 of them on the south coast, 3at Banff, 1 at the Dornoch Firth, 
and 5 off the coast of Caithness ; 1 was recaptured on the north coast and 2 on the 
west coast, to the south-west of Cape Wrath ; 1 was got 7 miles from Rackwick, 
west of the Orkneys, at a distance of 146 miles ; 1 on the east of the Orkneys, at 127 
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miles to the north and east ; 1, 13 miles to the north and east of the station ; and 
another at a distance of 51 miles north and east. Of the 2 which migrated south 
and east, | was taken at a distance of 17 miles, and the other at 28 miles, both off 
shore. Of the 6 which went south-west, | was got at a distance of 21 miles, off Tod 
Head ; 1 off Fife Ness, at 52 miles distant ; and another E.S.E. of May Isle, at a 
distance also of 52 miles ; the fourth was got off Bell Rock, at a distance of 42 miles ; 
the fifth was recaptured 59 miles distant, 10 miles off the Isle of May; and the 
sixth, 8 miles E. $8. of Tynemouth, at a distance of 114 miles. 


(4) ABERDEENSHIRE COAST. 


From the experiments south-east of Cruden Scaurs, 5 recaptured plaice were 
“ripe,” 4 males anda female. They were all taken in the Moray Firth, 2 at Banff, 
at distances of 61 and 62 miles, | off Buckie, at 74 miles, and the other 2 on the coast 
of Caithness, at distances of 91 and 95 miles. 


(5) MORAY FIRTH. 


From the experiments at Smith Bank, 21 “ripe” fish, viz. 17 males and 4 
females, were recaptured. Fifteen of these were taken in the Moray Firth, 10 to 
the north and west, at distances of from 5 to 42 miles, several in the neighbourhood 
of the Dornoch Firth, and the others on the Caithness coast; 1, 23 miles to the 
west ; 2, 10, and 39 miles to the south and west ; 1, 14 miles to the north and east ; 
another, 12 miles to the north and east; 1, off the mouth of the Pentland Firth, 
ata distance of 31 miles to the north and east ; and 4 on the north coast of Scotland, 
off Dunnet Head and Strathie Point, at distances of from 48 to 67 miles. 

Ten, 6 males and 4 females, were recaptured from the experiment at Burghead 
Bay ; the position of 1 of the females was not ascertained ; of the others, 7 were 
taken in the Moray Firth, 1 at a position unspecified, and 5 of the others on the 
south coast, and | on the coast of Caithness, at distances of from 25 to 38 miles ; the 
other 2 were recaptured near Sule Skerry, off the north coast of Scotland, at dis- 
tances of 106 and 110 miles. 

From the experiments off Tarbet Ness, 8 were recaptured, viz. 6 males and 
2 females. Six were taken at the mouth of the Dornoch Firth, at from 11 to 
154 miles to the westwards, and the other 2 on the north coast of Scotland, near 
Strathie Point, at distances of 80 and 85 miles. 

One “ripe” fish, a male, was recaptured from the experiment in Nairn Bay, 
in November 1913; it was taken near Tarbet Ness, 22 miles to the north and 
east. 


(6) FAIR ISLE. 
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Twenty-nine “ripe” fish were recovered from the experiments near Fair 
Isle, 25 males and 4 females. Of these, 24 were found to the south and west, 
3 at short distances, 15, 18, and 21 miles, towards the Orkneys; 6 to the east and 
south-east of Auskerry, on the east side of the Orkneys, at distances of from 32 to 
50 miles; and 1 farther to the south-west, towards the Pentland Firth, at a 
distance of 57 miles; 1 was recaptured off the Moray Firth, east of Noss Head, 
at a distance of 56 miles; and other 3 south-east of Noss Head, at distances of 
73, 76, and 105 miles ; 2 were recaptured near Banff, on the south coast, at distances 
of 116 and 117 miles; 6 were taken on the north coast of Scotland, at distances of 
from 100 to 145 miles, and 1, 10 miles W.S.W. of Cape Wrath ; another was caught 
6 miles S.E. of Tod Head, on the east coast, at a distance of 153 miles ; 1, 8 miles 
to the north and east; 3 near Foula, Shetland, at 45 to 49 miles to the north 
and west; and 1, 7 miles E.S.E. of Fetlar, at the north of the Shetlands, at a 
distance of 65 miles to the north and east. 


4. RELATION OF THE MIGRATION TO THE PREVAILING CURRENT. 


A considerable number of years ago, in papers published in the Annual Reports 
of the Fishery Board for Scotland, I showed that an important relation existed 
between the prevailing surface current in the North Sea, and the life-history of 
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food fishes.* Since that time, many investigations have confirmed the close 
relationship that exists between the movements of the sea-water and the life- 
histories of edible fish. In this country, the investigations in particular of Professor 
Meek on the coast ot Northumberland may be specially mentioned,} and among 
those on the Continent perhaps the most remarkable are those of Dr. Johan Hjort 
on the migratory movements of the cod on the north and west coasts of Norway. 
Although full information in regard to all species of fish has not yet been obtained, 
the results so far appear to justify the statement that, in the case of fishes with 
pelagic eggs, when the prevailing current carries these floating eggs in one direction 
—whether that be towards the south on the east coast of this country, or towards 
the north as on the west coast of Norway—there is a migration of the adult or 
adolescent fish in the opposite direction. The Norwegian experiments have 
shown that codfish may migrate from Finmarken to the Lofoten Isles, and even 
farther south to the coast of Romsdal, in connection with spawning, and return 
north again, a journey of many hundreds of miles, after spawning is over. 

The experiments described in the present Report show that the great majority 
of the “spawning” plaice move northward and westward against the prevailing 
current. This fact is shown very clearly on the charts appended. It is 
evident, however, that this habit, in the case of the plaice, is not without excep- 
tions, for a few of the “spawning ” plaice were found to the south of the locality 
where they were liberated. As elsewhere stated, a striking feature of the experi- 
ments is the large number of adult plaice which pass from the Firth of Forth area 
northwards into the Moray Firth and there spawn. In several cases, the fish 
which were marked in the Firth of Forth, or off the Isle of May, in the late months 
of the year, were recaptured in a “‘ spawning ” or “ripe” condition in the Moray 
Firth in the early months of the following year, having in the interval made a rapid 
journey between the two firths. On the other hand, there are some instances, 
referred to in the text of this Report, which show that an adult plaice may remain 
a long time in the same locality in which it was liberated, and spawn there ; this 
seems to be true more particularly of the very large fish. It is evident, therefore, 
that, while there isa general migration, for spawning purposes, of the plaice in 
the contrary direction to the current, it cannot be said that the habit is a rigid 
one. 


Ill. Growrn. 


The rate of growth of the plaice has now been tolerably well established by the 
numerous researches which have been made on the subject, particularly in connec- 
tion with the International Fishery Investigations. The matter will, therefore, 
be only briefly considered here. In the case of recaptured fish, which were sent 
on to the laboratory and came into my possession, it was customary to keep them 
covered for a day, or longer, in a wet cloth, until the tail fin was quite soft, and the 
measurement of length was then made. In the case of fish landed at English or 
foreign ports, however, only the records were available to me, and it is evident 
from them that the fish, in many cases, when measured, were more or less dry, 
so that the length was not the true length. This was especially noteworthy in 
records from German ports, the measurement in some instances being less than the 
length of the fish when it was liberated, even although several months had elapsed 
before it was recaptured. 

In these experiments, as in those described in my former Report, it was notice- 
able that the marked plaice, recaptured within a short period after their liberation, 
usually showed no increase in length, and often a measurable decrease. This was 
most noticeable in the experiments which were made in the winter months, when 
growth is naturally slow, or arrested altogether, but it was by no means confined 
to these months. In experiments in spring and in summer, the same thing was 

*(1) “The Relation of Marine Currents to Offshore Spawning Areas and Inshore Nurseries.” 
13th 8. F.B. Report, Part III, pp. 153-164 (1894). 

(2) ‘‘'The Currents of the North Sea and their Relation to Fisheries.” 15th 8.F.B. Report, 
Part 1II., pp. 334-395 (1896). 

(3) “ An Additional Note on the Surface Currents of the Ncith Sea.” 18th S.F.B. Report, 
Part IIL., pp. 370-381 (1891). 

+ Northumberland Sea Fisheries Committee. Reports on the Scientific Investigations, 


26 


observed, and the probable explanation is that the handling and marking of the 
fish interferes with feeding and growth for some time. 


1. Fish RECAPTURED AFTER ONE YEAR OR More. 


The results have been tabulated for some of the experiments. 


In the ten ex- 


periments made between Elie and Fidra (p. 36), the number of marked plaice 
recaptured after an interval of from one to two years of freedom was 127, viz. 
The particulars are shown in the following table :— 


58 males and 69 females. 


Sizes. J But 
Date No. of | Days Date Place - bis 10 
Liberated. Fish. | Free. | Caught. Recaptured. 2 i 5 
Lib. |Recap.| © Me 
EXPERIMENT I. 
MALEs. 
25th Nov. 1910. | A. 1650 455 | Feb. 1912. | 4’ N. of Tarbet] 31-5 37°4 5:9 ‘13 
Ness 
1669.) 453 Do. 18”? EASE. ‘of | 35° 38:4 3-4 07 
Aberdeen. 
1610 | 475 | Mar. 1912. |7’  S.S.E. of| 39- 39°7 Tl ‘01 
Buchanness. 
1696 | 480 Do. 2’ off Banff. 33° 36:1 3:1 06 
1658 | 546 | May 1912. | Stormy Bank. 40°5 | 46:3 5-8 | 
1646 | 670 | Sept. 1912. | 28’ E. of May. 36:5 | 38:2 1:7 02 
1659 | 721 | Nov. 1912. | 30’ E. of Aber-| 31°5 | 41.2 9.7 "1g 
deen. 
FEMALES. 
1670 | [397 | Dec. 1911. | 7’ S.E. of | 37: 41°6 4°6 ‘ll 
Buchanness. 
1651 | 487 | Mar. 1912. | 16’ E.N.E. of | 41°5 | 47-1 56 ‘ll 
Aberdeen. 
1676 | 469 Do. 10’ E.N.E.of May.| 40°5 | 466 6-1 13 
1683 | 464 Do. 18° E.S.E. of | 36- 39°6 36 | +08 
Aberdeen. 
1667 | 586 | July 1912. | 14’ E. 48. of | 36°5 | 45-7 92] :16 
Auskerry. 
1685 | 597 Do. 30’ E./S. 4.8. of | 37: 46:1 9-1 15 
Aberdeen. 
1671 | 668 | Sept. 1912. | 30’ S.E./E. 4 S.| 36:5 | 47:8 11:3 Di 7/ 
of Buchanness 
EXPERIMENT II. 
MAuzs. 
8th Feb. 1911. 1820 | 383 | Feb. 1912. , 1’ off Largo. 29: oc 4:3 | 
1850 | 376 Do. 26’ S.E./E. of | 34°5 | 38-2 air 09 
Aberdeen. 
1835} 391 | Mar. 1912. | 4’ eS Pennan | 35: 40°5 5:5 14 
Head. 
1848 | 387 Do. Te, NENGE ss Ee ed Onlerord 4:5 12 
of Troup Head. 
S. 217] 391 Do. }’ off Pitten-| 29- 35°8 6°8 ‘17 
weem. 
244 | 400 Do. 6’ off Brora. 32-D lao 4-5 14 
251 | 413 Do. 4’ §.S.E. of Col- | 33: 37:8 4:8 12 
lieston. 
207| 444 | Apr. 1912. | 63’ E./S. of | 37: 41-2 4:2 09 
Girdleness. 
227| 545 | Aug. 1912. | 28’ E.S.E. of | 30° 35°5 aay! ol 
Bass Rock. 
245 | 663 | Dec. 1912. | 4’ E.S.B. of Cru- | 34°5 40: i535) 08 


den Scaurs. 


} 
| Sizes. fe 
Date No. of | Days Date Place 1S eee 
Liberated. Fish. | Free. | Caught. Recaptured. © a 
Lib. | Recap.| © aye: 
a | 
EXPERIMENT II.—continued. 
FEMALES. 
A. 1830 | 400 | Mar. 1912. | Moray Firth. 30:0) |) 45° 15 28 
S. 209] 421 | Apr. 1912. |17’ E.N.E. of]! 38: 44-9 6-9 16 
. Aberdeen 
214] 421 Do. 29’ K.4N. of St. | 37:5 44 6:5 ‘15 
Abbs. 
A. 1811 | 465 | May 1912. | 8’ S.S.E. ? S. of | 43: 47- 4: ‘08 
Clyth Ness. 
S. 219 | 505 | June 1912. | 27’ E.S.E. of} 35°5 | 48:6 8:1 16 
Aberdeen. 
220 | 532 | July 1912. |35’ E.N.E. of | 41-5 | 47-9 6-4 12 
May. , 
233 | 559 | Aug. 1912. 1/10’ E.N.E. of | 31:5 | 43:3 11°8 21 
Rattray 
A. 1841 575 | Sept. 1912. | 22’ N.E. /E. of | 37: 45° 8: =| 3} 
Buchanness. 
1846 | 663 | Dec. 1912. | 30’ E.S.E. of Bell | 34- 45:2 1-2 16 
Rock, 
EXPERIMENT III. 
Mate. 
21st Mar. 1911. | 8.349] 714 | Mar. 1913. | 4’ off Occumster. | 29°5 | 37-2 | 7:71 -1l 
FEMALES. 
A. 1933; 407 | May 1912. | 40’E.S.E. of Bass | 32:5 |; 39-5 Ue 17 
Rock. 
8.351 | 458 | June 1912. | 12’ E./N. of May | 32-5 | 40:1 76 16 
Island. 
A. 1938 | 450 Do. 25’ K. /N. of May. | 30- 40-6 10-6 23 
8. 341 | 472 | July 1912. | 10’ N.E. of Bell | 30- 37-4 774 16 
Rock. | 
EXPERIMENT IV. 
MALEs. 
25th Apr. 1911. S. 485] 415 | June 1912. | 35’ N.E./E. of BP || Bt) 6:8 16 
May. 
478 | 437 | July 1912. | 10’ E./S. of May. Boealrouel: Bel 12 
496 | 482 | Aug. 1912. | 20’ E./S. of May. as 3x27) Ue7i |) SINS} 
487 7a “Apr 1913. |5’ N. + E. of Bye 41-4 9-4 13 
Buckie. 
FEMALES. 


484 | 394 | May 1912. | 30’ E. 4 N. of | 30° 37:9 a9 2 
May. 
475 | 666 | Feb. 1913. | 15’ S.E. of Bell | 36-5 | 44-9 8-4 | -13 


of Rock. 
497 | 668 Do. §§| 22’S.E. of Aber- | 34: 47-2 13:2 2 
deen. 


EXPERIMENT V. 


MALEs. 
19th June 1911. | A. 3025] 380 | July 1912. |50’ N./W. of | 33: 36°6 3°6 ‘09 
Rattray. 
8. 535 | 730 | June 1913. | 133’ N.N.E.4E. | 31: 34: a3 04 
of Banff. 
FEMALES. 
A. 3013 | 387 | July 1912. | Moray Firth. 40°5 | 47- 6°5 17 
| 3020 | 517 | Nov. 1912. | 60’ E./N. of Bell | 37- 41-3 4:3 08 
Rock. 


: Sizes. 
Date No. of | Days Date Place 
Liberated. Fish. | Free. Caught. Recaptured. 
Lib. | Recap. 
EXPERIMENT VI. 
MALzEs. 
7th Sept. 1911. | A. 3422 | 371 | Sept. 1912. | 12’ E. of May. 35° 39°5 
3392 | 508 | Jan. 1913. | 26’ S.E./E. of | 34: 40-7 
Aberdeen. 
3410 | 527 | Feb. 1913. |24’ S.E. of Aber-| 34: 36-2 
deen. 
3428 | 567 | Mar. ‘913. | 29’ E./S. 3S. of | 32°5 | 36-4 
Tod Head. 
S. 687 | 592 | Apr. 1913. | 2’S.S.W.ofLargo. | 31- 36°8 
FEMALES. 
A. 3394 | 370 | Sept. 1912. | 16’ E. of May Is- | 30°5 | 37°5 
land. 
S. 695 | 393 | Oct. 1912. | 2’ off shore be-| 29- 36°5 
tween Crail and 
Anstruther. 
A. 3377 | 571 | Mar. 1913. | 24’ S.E./S. of | 33-5 | 39-9 
Aberdeen. 
3409 | 551 Do. 16’ E./S. of May. | 37:5 | 44:1 
3378 | 637 | June 1913. |10’ E.S.E. of Bass | 35- 39-7 
Rock. 
? Sex. 
3391 527 | Feb. 1913. | 20’ S.E. of Aber- | 33:5 37°9 
deen. 
3384 | 623 | May 1913. | }#’ off River Ugie. | 33-5 | 41-2 
3396 | 658 | June 1913. Ae 30°5 | 39°5 
{X PERIMENT VII. 
MALES. 
6th Mar. 1912. | A. 4119 | 374 | Mar. 1913. | 262’ E.S.E. of | 35-5 { 42- 
Copinshay. 
4135 385 Do. 30’ !5.E. of | 36:5. 39°3 
Start Point 
4145 | 433 | May 1913. | 26’E.N.E.ofMay.| 38°5 | 43:8 
S. 794 498 | July 1913. | Moray Firth. 29°5 35° 
A. 4117 562 | Sept. 1913. | 47’ N. 4 W. of | 36- 42-4 
Rattray Head. 
4163 979 | Oct. 1931. | 14’E.N.E.of May. | 33:5 40-2 
S. 79] 659 | Dec. 1913. | 16’S.of Bell Rock. | 31-5 39°9 
FEMALES. 
A. 3998 | 392 | Apr. 1913. | 23’ E./N. of |-41° 44-2 
Tarbet Ness. 
4154} 442 | May 1913. | 7’S.E./E. of Buc-} 33° 39-7 
hanness. 
4160 | 444 Do. 20’ E./S. 4.8. of | 40: | 456 
Buchanness. 
4t71 | 435 Do. (2 RANE ola oo. 42-6 
Aberdeen. 
4129 | 471 | June 1913. | 23’ E./N. 3 N. of | 39°5 | 45- 
Noss Head. 
4161 | 463 Do. 3’ EB. of Bell Rock. | 36: 4] -2 
8. 804] 489 | July 1913. | 10’ E. of Bass | 30° 38:3 
Rock. 
4162; 532 | Aug. 1913. | 50’ E. 4 S. of | 44: 48-2 
Aberdeen. 
4121] 618 | Nov. 1913. | 16’ E./N.of Aber- | 39: 46-4 
deen. 
4143 | 721 | Feb. 1914. | Moray Firth. 36° 44- 


Growth. 


Rate 
per LO 
Days. 


12 
13 


04 
07 
09 


ao 
19 


“lt 


12 
07 


08 


12 
‘14 


Sizes. tes 
Date No. of | Days Date Place - ee 
Liberated. Fish. | Free. | Captured. Recaptured. | rie Ee 
Lib. |Recap.| © OE: 
EXPERIMENT VIII. 
MALEs. 
24th Apr. 1912. 4418 | 366 } Apr. 1913. | 7’ N.N.E. of St. | 38°5 | 40-9 2°4 06 
Abb’s Head 
4452 | 366 Do. 40° ES. Ee of | 32 37°5 55 15 
Bass Rock. 
4447 | 376 | May 1913. | 8’ S.K. of May. 34° 38°6 4:6 12 
4432 | 418 | June 1913. | 7’ S.E. of Pent-| 33: 37°6 4:6 ‘ll 
_ land Skerries. 
4443 | 409 Do. 30’ S.E./S. of | 35°5 | 39-1 3°6 09 
Aberdeen. 
A. 4384] 695 | Mar. 1914. ;7’ N.E. of Bell | 35-5 | 43-2 7/07) ‘ll 
Rock. 
S. 830 | 680 Do. 5’ of S. Buchan- | 30: 37° us 10 
ness. 
A. 4428 | 724 | Apr. 1914. | 183’ N.E. of | 39- 42°5 3°5 05 
Caithness. 
FEMALES. & 
A. 4392 | - 344 ) Apr. 1913. | 7’ S.S.E of Aber- | 34- 38°8 4°8 14 
deen. 
4414] 351 Do. 4’ E./N. of Tar- | 35- 39°3 4:3 12 
bet Ness. 
4383 | 375 | May 1913. | 47’ E. 34 S. of | 34:5 | 39-6 5:1 14 
Aberdeen. 
4435 | 386 Do. Largo Bay. 45: 51: 6° ‘16 
4444] 393 Do. 18’ N.E. of Buch- | 35: 41°5 6:5 16 
anness. 
4454! 428 | June 1913. | 30’ E. 4 S. of | 40:5 | 45-8 5:3 =p 
Aberdeen. 
4424) 462 | July 1913. | 26’ S.K./E. 3 E.| 41:5 | 46-4 4:9 11 
of Aberdeen. 
8S. 812] 435 Do. 5’ E. 4.N. of Bell | 32:5 | 41-1 8-6 2 
Rock, 
816 | 484 | Aug. 1913. | 16’ E.4S.ofMay.| 31:5 | 42-2 10:7 22 
4460 | 559 | Nov. 1913. | 7-8’ B.S8.E.of Tod | 35°5 | 48-5 13- 05 
Head. 
S. 829 | 584 Do. 16’ E.S.E. of Bell | 33:5 | 41-1 76 13 
Rock. 
A. 4411 | 638 | Jan. 1914. | 14’ off Whitehills. | 47: 49-5 2°5 “04. 
4398 | 672 | Feb. 1914. | 5-6’ N.E. 4 E. of | 40- 49: 9: 13 
Strathie Point. 
4455 | 656 Do. 4’ off Pennan. 44: 49-2 5:2 08 
8. 811] 707 | Apr. 1914. | 26’ E.S.E. of | 33: 40: 7: 8 
Aberdeen. 
? Sux. 
| A. 4450 | 688 | Mar. 1914. |16’E.N.E.of May.| 38-5 | 44:7 | 6-2 | -09 
EXPERIMENT IX. 
MALEs. 
9th May 1912. | A. 4638; 381 | May 1913. | 9’S.E.of Buchan-]| 33-5 | 35-9 2-4 06 
ness. 
4613 | 515 | Oct. 1913. |14’E.N.E.ofMay.| 37: 40-2 3:2 06 
4618 | 594 | Dec. 1913. |} 12’ E.N.E. of | 38: 41: 3: 05 
North Shields. 
4593 | 617 | Jan. 1914. | 20’ S.E. of Aber- | 30: 37°4 7:4 12 
deen. 
4595 | 625 Do. 2’ W. of May. 33° 39°8 6:8 ‘11 
.4642| 610 Do. 3’ S.E. of Bell | 42: 42-4 “4 ‘01 
Rock. 
4611 | 675 | Mar. 1914. | Off Flamboro’ | 34: 40- 6: 09 
Head. 
4646 | 683 Do. 16’E.N.E. of May.| 31-5 | 36°8 5:3 08 
4654 | 690 Do. 20’ E.N.E, of May.| 34°5 | 37:5 | 3: 04 
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Sizes. ag 
Date No. of | Days Date Place - Baler 
Liberated. Fish. | Free. | Captured. Recaptured. i De 
Lib. |Recap.| © aR: 
EXPERIMENT IX.—continued. 
FEMALES. 
4591 | 418 | July 1913. |10’ E.S.E. of| 43- 47°4 4°4 ‘] 
Bass Rock. 
4570 | 495 | Sept. 1913. | 28’ E./N. of May. | 53-5 | 42°8 10:7 — 
4621} 482 Do. 30’ S.S.E. of | 38:5 | 44:1 56 | 12 
Aberdeen. 
4619} 616 | Jan. 1914. | 20’ E.S.E. of | 42-5 | 49-2 6:7 ‘ll 
Bass Rock. 
4627 | 623 Do. 14’ off Whitehills. | 36- 4]: 5: 08 


4584 | 621 Do. 90’ N.E./N. of | 31: 373 63 | °10 
Long stone 
Light. 


4641 | 659 | Feb. 1914. | d’off Pittenweem. | 33: 34:3 LSE c02 
4574 | 663 | Mar. 1914. | 6’ E. of Blyth. 51:5 | 53:9 2:4 04 
4600 | 678 Do. 17’ S.E. $ E. of | 38:5 | 43-5 5: ‘07 
Berriedale 
Head. 
4650 | 698 | Apr. 1914. | 7’ S.E./E. of | 27:5 | 38-1 10°6 15 
Buchanness. 
EXPERIMENT X. 
MALgEs. 
26th Mar. 1913. | S.1296| 379 | Apr. 1914. | 25’ N. of Kin-| 33: 40: 7: ‘18 
naird. 
A. 5037 | 474 | July 1914. | 40’S. E. of Aber- | 35: 39°5 4:5 ‘09 
deen. 
FEMALES. 
5001 | 365 | Mar. 1914. | 1’ off Pittenweem. | 43:5 | 48: 4°5 12 
8. 1295} 399 | Apr. 1914. | 7’S.S.E. of Buch- | 31: 42- 11: “DT. 
aness. 
A. 5004] 429 | May 1914. | 7’ S.E. of Aber- | 39: 44°8 5°8 13 
deen. 
S. 1302} 401 Do. 8’ S.E. of Aus- | 32-5 | 42°3 9-Sle24: 
kerry. 
A. 2962 | 464 | July 1914. | 20’ E. of Buch-| 38-5 | 47:5 9: 19 
anness. 
S. 1804] 519 | Aug. 1914. | 8’ S.B. of Buch- | 34:5 | 40°8 6:3 12 
anaess. 
5015 | 634 | Dec. 1914. | 7’ N.E./E. 4K. of | 41-5 | 435-2 6:7 ‘10 
Aberdeen. 


It will be seen that the amount of growth, and the calculated rate of growth 
per 10 days, varied very considerably in different cases. In considering the measure- 
ments, various things have to be taken into account. Thus, the smaller fish 
(under adult size) grow more rapidly than the older and larger fish of the same 
sex ; secondly, growth is well known to take place chiefly in the summer months, 
and may be almost or completely arrested in winter, and some of the fish in the 
table had the growth of two summers ; th'rdly, as the table shows, many of the 
fish were got at a great distance from the place of liberation, and it is known that 
in certain localities, as, for example, the Moray Firth, growth is more rapid than it 
is in other localities, as in the Firth of Forth and neighbourhood. It does not 
appear, therefore, to be necessary to discuss these measurements in detail. 

Similar tables have been made for the fish which were at liberty for longer 
periods than that referred to above. Thus, 30, viz. 12 males and 18 females, were 
recaptured after having been between 2 and 3 years at liberty. 
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Sizes : 

qj 
Date No. of | Days Date Place ae al = ee 
Liberated. Fish. | Free. | Caught. Caught. 98 Pe 2 
Lib. | Recap.| & a 


EXPERIMENT I. 
MALE. 


25th Nov. 1910. | A. 1627| 820 | Feb. 1913. | 26’ N. of Buckie. | 36°5 | 42:1 | 5°6| ‘06 


FEMALES. 
1655 | 759 | Dec. 1912. | 40’ E. of May. | 36°5 43° 6°5 | 08 
1625 | 837 | Mar. 1913.16’ E./S. of May. 36° | 45°5 | 9:5! -11 
| 1697 | 857 Do. 14’ off Banff. 41°5 | 45°8 4°3 | 05 
| 1641] 1074 | Nov. 1918. | 39’ S.E./E. 4S. 33° | 445 | 11:5) ‘11 
| | | of Tod Head. | | 
EXPERIMENT II. 
MALES. 
8th Feb. 1911. S. 236] 748 | Feb. 1913. | 14’ off Banff. 35'°5 | 40° | 4°75 | :06 
221| 892 | July 1913. | 5’ S.S.W. of Co. | 32°5 | 48°9 | 11°4 | "13 
pinshay. 
FEMALES. 
A. 1828] 861 | June 1913. | 4’ E./N. } N. of | 33: 4] Seed 
| Lossiemouth. | : 
1809 | 889 | July 1913. | 1’ off Kirkcaldy. | 45°5 | 51:9 G4); 07 
EXPERIMENT III. 
MALES, 
21st Mar. 1911. | S. 343) 742 | Apr. 1918. | 14’ off Whitehills.) 28°5 | 36°5 | 8° | ‘11 
346 | 1082 | Mar. 1914. | 5’ E. of Berriedale | 31°5 | 39°2 | 1 | 07 
| Head. | | 


EXPERIMENT IV. 
FEMALE. 


25th Apr. 1911. | S, 499) 837 | 


Aug. 1913.| 30’ E. of bat) OO ee ele Eile atest 
| | | 


Rock. | | 


EXPERIMENT V. 


MALEs. 


19th June 1911. | S. 545 892 | Nov. 1913. | 6’ E./N. 4 N. of { 33° 39°8 6°8 08 
Aberdeen. 
Mar. 1914. | 10’ E.S.E. of Bell | 30°5 | 42-9 1 I 


Rock. 


550 | 1002 


FEMALE. 


A. 3003} 915 | Dec. 1913. |10’ E.N.E. of} 39° | 48:4 | 9:4) -1 
| | | May. | | 


Date | 
Liberated. | Fish. | Free. 


No. of | Days Date Place 


Caught. Caught. 


EXPERIMENT VI. 


MALE. 


7th Sept. 1911. | A. 3411 | 883 | Feb, 1914. | Whitby Grounds. | 34: | 


2 SEx. 


| S. 686| 764 | Oct. 1913. | 50’ off Bell Rock. | 31° | 


6th Mar. 1912. | S. 805 | 743 


A. 4127 751 
| 4130| 728 
| S. 799| 748 
| | 

(A, 4174 | 776 | 


| 4024! g22 


24th Apr. 1912. | S. 823] 818 


820 | 1074 


| 


| 
Pa 


EXPERIMENT VII. 


MALE. 
Mar. 1914. | 24’ S.S.E. of 
Aberdeen. 
FEMALES. 
Mar. 1914. | 25’ E.N.E. of 
May. 
1’ off Whitehills, 
26’ S.E./E. 4 E. 
of Aberdeen. 
| Apr. 1914. 24” S.S.E. of 
Aberdeen. 
| (Sie 1914, | 40’ N.N.E. of 
| Longstone. 
4183 | 982 | Nov. 1914. | 8’ E.S. E. of Aber- 
deen. 


EXPERIMENT VIII. 


MALEs. 
July 1914. | 50’ E.S.E. of 
Aberdeen. 
Apr. 1915. | 8’ E.S.E. of May. 


FEMALE. 


| A. 4438 | 757 | May 1914. | 24’ S.E. of Noss. | 


EXPERIMENT IX. 


MALE. 


9th May 1912. a | 1054 | Mar. 1915. | 25’ S.E./E. of 


4624 | 813 
4658 | 957 


4578 | 1031 


Aberdeen. 


FEMALES. 
Aug. 1914. | 5’ E./N. of Bell 
Rock. 
Dec. 1914. | 24’ S.E./E. of 
Aberdeen. 


Mar. 1915. | 20’ E./S. of Bell 
Rock. 


EXPERIMENT X. 
NIL. 


30°5 


37°5 


39° 
31° 


37° 
39°5 
41°5 


36°4 


48°7 


45-4 
37°8 


45°2 
43° 
54°1 


3853 


46°5 


44-1 


43°1 
46° 
43°7 


Growth. 


eer is2)| 


12°6 


Rate 


| per 10 
days. 


06 


09 


08 


07 


12 


09 


29 
13 
08 
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One male and 3 females were recaptured between 3 and 4 years after they 
were liberated. The male (Stud No. 235) was recovered in September 1914, near 
Fair Isle, that is, after 1306 days, and had increased in length from 34 to 43-1 em., 
a total increase of 971 cm., or ‘07 cm., per 10 days, over the whole period. The 
3 females were all of small size when liberated ; 1 (Stud No. 242) was recovered 
in April 1914, after 1148 days, off North Shields ; it measured 32°5 cm. when 
liberated and 47°5 cm. when recaptured, an increase of 15 cm., or at the rate of 
‘13 cm. per 10 days. The second female (No. 855) was recaptured in August 
1914, after 1220 days, at Aberdeen Bank; it had increased from 32 to 44:2 em., 
a growth of 12-2 cm. in the period, or at the rate of "1 cm. per 10 days. The third 
female (No. 543) had increased from 30°5 to 43°5 cm., or 13 cm. in the period, 
which is at the rate of -1 em. per 10 days. 

A male and 2 females were recaptured after 4 years of freedom. The male 
(Stud No 692) was taken in January 1916, after 1604 days, 21 miles off Flamborough 
Head ; it had grown from 22°5 to 37-7 cm., a total increase of 15-2 em., or at the 
mean rate of -09 em. per 10 days. One of the females (A. 1617) was taken in De- 
cember 1914. after 1476 days, near Aberdeen Bank; it had increased from 42°5 
to 55°3 cm., a total of 12°8 cm., or at the rate of ‘08 cm. per 10 days; this was a 
large fish when it was liberated. The other female (Stud No. 696) was got in April 
1916, after 1682 days, H.S.K. of the Bell Rock ; it had grown from 28 to 44:2 em, 
a total increase of 16°2 cm., or at the rate ot °09 cm. 

The marked fish which were recaptured after an interval of years in other ex- 
periments were also tabulated. The number taken between 2 and 4 years after 
liberation was 21, 11 males and 10 females. In the case of 1 male and of 1 female, 
the measurements were not ascertained. Moreovere the measurements of one of the 
females were obviously wrong, since, in 1197 days, it had grown, according to the 
record, only from 39 to 39°9. cm., an increase of less than one centimetre after three 
summers’ freedom. The true length of this fish was probably 49°9 cm. on re- 
capture, showing a growth of 10°9 cm., but, as there is doubt about it, it is omitted. 
The particulars of the other fish are given in the following table :— 


| TABLE. 
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Tt will be seen that the average rate of merease in growth per 10 days var'ed 
considerably according to the sex and size of the fish. Taking the whole period, 
the mea. rate, in the case of males, ranged from ‘02 to ‘11 cm., the average being 
about .07 em., which is equivalent to an annual increment of about 2°5 cm., but it 
will be noticed that, with two exceptions, all the males, when liberated, were of 
adult size. The average rate of increase per 10 days among the females ranged 
from ‘O07 to -15 cm., the mean for the 8 cases being *106 cm., or at the rate of 3°7 
em. per annum. The majority of the females were under the adult size when 
liberated. 

Two females, both liberated at 20 miles east of the Isle of May, were recovered 
after an interval of between 4 and 5 years. The former (No. 1705) was taken in 
March 1915, after 1566 days, not far from where it had been liberated, namely 
25 miles E.S8.E. of the Isle of May; on liberation it measured 38°5 cm., and on 
recapture, 53'1 cm.. an increase of 14°6 cm., or at the rate of ‘1 cm. per 1Odays. The 
other female (No. 3032) was recaptured in June 1916, after 1821 days, 70 miles 
N.E./N. of Longstone, Northumberland; it had grown from 37 to 50°8 em., an 
increment of 13-8 cm., or at the rate of ‘07 cm. per 10 days. 

One fish was recaptured after more than 5 years of freedom. It was a male 
(No. 1716) liberated at 20 miles east of the Isle of May on 28th November 1910, 
and recaptured in February 1916, after 1892 days. This fish was got in London 
in the market, and the place of the recapture was not ascertained. 


IV. Tue INTENSITY oF FISHING. 


One important result of the marking experiments is the light they throw upon 
the destruction of the fish by fishing operations. There is no reason to suppose that 
the marked plaice are captured in greater numbers, or in less, than the unmarked 
plaice which live around them on the fishing-grounds. The proportion of the 
marked fish which were recaptured by fishing operations thus furnishes a clue to the 
intensity of fishing, and gives an indication of the proportion of the plaice which 
may ultimately be captured by commercial fishing, As already mentioned, in order 
thoroughly to understand such questions, one would require to possess detailed 
information as to fishing operations, both in regard to the amount or quantity of 
fishing, and in regard to the fishing-grounds, and this is especially desirable when 
the number of fish marked and liberated and the proportion recaptured are small. 
In these experiments on the east coast of Scotland, however, the number of plaice 
marked was large, viz. 7166, and the number recaptured was also large, viz. 3735, 
or 52:1 per cent. The number actually recaptured must have been still greater, 
for, in the first place, there is evidence that the mark is sometimes lost and the 
fish recaptured with the signs of having been marked, though the mark is absent ; 
in the second place, all the marked plaice which are recaptured are not returned, or 
their capture made known. It is probable also that a certain number died after 
having been returned to the sea, owing to injury received in the process of capture, 
or in the process of marking. One feels justified in saying that fully a half of the 
adolescent and adult plaice living on the fishing-grounds along the east coast of 
Scotland are ultimately caught in commercial fishing. 

In some cases, however, the proportion recaptured was much more than 52 per 
cent. The experiments which give the highest percentage of recapture were those 
made at the station 20 miles east of the Isle of May. In the 10 experiments at this 
station, 961 plaice were marked, and 643, or 66°9 per cent., recaptured, the per- 
centage of recaptured in different experiments ranging from 54:9 to 77°3 per cent. 
At the neighbouring station in the Firth of Forth, between Elie and Fidra, 823 
plaice were marked and liberated, and 489, or 59-4 per cent., recaptured, although 
trawling, the method of fishing by which plaice are usually taken, is prohibited 
in the Firth of Forth. Here the percentage of recaptures varied from 46:2 to 69°6 
per cent. Of 200 liberated 3 miles from Fidra Light, at the entrance to the Firth 
of Forth, 122, or 61 per cent., were recovered. In the experiments at Aberdeen 
Bank, 1227 plaice were marked and liberated, and 741, or 60:4 per cent., were 
recaptured, the percentage in the different experiments ranging from 40 to 70 per 
cent. In the neighbourhood of Fair Isle, 940 were marked and liberated, and 461, 
or 49 per cent., were recaptured, the percentage or recapture in the eight experi- 
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ments varying from 31 to 63'3 per cent. The percentage of recaptures in the Moray 
Firth were not so high ; in this firth, as in the Firth of Forth, trawling is prohibited. 
In the experiments in the neighbourhood of Smith Bank, 707 plaice were marked 
and liberated, and 336, or 47:5 per cent., were recovered, the percentage in different 
experiments being as low as 28 andas high as 56. In the experiments made in other 
parts of the Moray Firth, 530 plaice were liberated, and 201, or 37°9 per cent., 
recaptured. In the neighbourhood of the Great Fisher Bank, 599 were liberated, and 
194, or 32'9 per cent., recaptured, many of the fish being landed at foreign ports. 
In the experiments to the east of the Isle of May, the percentage of recaptures 
steadily diminished the farther and farther to sea the experiments were made. 
At 20 miles, as above mentioned, 66°9 per cent. were recaptured ; at 40 miles, 54°4 
per cent. of the 382 liberated were taken ; at 50 miles, 51°7 per cent. of 207; at 
100 miles, 28°1 per cent. of 192 ; and at 220 miles (to the north of the Great Fisher 
Bank), of 106 liberated only 17, or 16 per cent., were recaptured. In some cases, 
the actual numbers were not very large. In the six experiments with the largest 
number of plaice marked and liberated, the following results were obtained :— 
Aberdeen Bank, 10th June 1910: of 336 liberated, 201, or 59°8 per cent., were re- 
captured ; at the same place, on 21st October 1910, of 282 liberated, 195, or 69°1 
per cent., were recaptured; at Great Fisher Bank, on 16th June 1910, of 287 
liberated, 116, or 40°4 per cent., were subsequently captured ; at Fair Isle, of 262 
liberated on 15th September 1910, 131, or 50 per cent., were recaptured and of 246 
liberated on 4th November 1910, 147, or 59°3 per cent., were recaptured ; at 20 
miles east of the Isle of May, on 6th December 1912, of 202 liberated, 132, or 65°3 
per cent., were again caught, 

From the table printed on page 4 it will be seen that 74:5 per cent. of the 
marked plaice which were recaptured were taken within a year of liberation ; in 
the second year, the percentage was 22°4 ; in the third year, 4°8 ; and in the fourth 
vear, only °7. 


V. DESCRIPTION OF THE VARIOUS EXPERIMENTS. 
1. Experiments Mipway BeTweEeEeNn ELIz AND Frpré, FirtH or Forru. 


At this station, which lies in the middle of the Firth of Forth, midway between 
Elie and Fidra (Lat. 56° 8’ N.; Long. 2° 48’ W.), with a depth of about 27 fathoms, 
marked plaice were liberated on ten occasions, from November 1910 to March 
1913. The total number liberated was 823, viz., 305 males, 469 females, and 
49 whose sex was not ascertained. The number of the fish recaptured was 489, 
or 59°4 per cent., namely, 210 males, or 68°9 per cent., 267 females, or 56°8 per 
cent., and 12 of undetermined sex, or 25 per cent. The particulars relating to 
the experiments are as follows :-— _ 


No. of Fish. 


Percentages 
No. of Recaptured. 
Experi- Date. Marked. Recaptured. 


6 | @ | (2) |Total.| $ | @ | (2) |Total.| ¢ 2 (2) | Total. 


I. | 25 Nov. 1910.| 37] 54] 8| 99 | 25] 39] 3] 67 | 67-6] 72°2|37°5| 67°7 
II. | 8 Feb. 1911. | 35] 56] 9] 100 | 24] 29] 2] 55 | 68-6] 51°8 | 22-2] 55° 
III. | 21 Mar. 1911. | 29] 19] 2] 50 | 19] 11] —]| 30 | 65-5} 57:99 — | 60- 
IV. | 25 Apr: 19115 | 16)935)) a -52 9] 15|—| 24 | 56-2] 42-9) — | 46:2 
V. | 19 June 1911. | 27) 29) ==") 50.) (19) G52 97) 67-1 o1-7 eee 
VI. | 7 Sep. 1911.°} 27] 23) 201. 70°] 17] 14] 6 | 37°] 62°9'| 60-9) 028 "G28 
VII. | 6 Mar. 1912. | 27| 70] 3 100 | 21) 45) —1 66 | 77-8) 64:3 | == 66 
VIII. | 24 Apr. 1912, |. 44] 55]. 8,) 102.) 33/.371 1. 7a. 175? (67-2) 33:ameeee 
IX. | 9 May 1912. | 41] 57} 2] 100 | 30} 26) — | 56 | 73:°2|45°6| — | 56: 
X. | 26 Mar. 1913. | 28] 71] 1] 100 | 20) 36] —]| 56 | 71:4|50°7| — | 56° 


305 | 469} 49 | 823 | 210|267| 12 | 489 | 68°8 | 56°9 | 24°5 | 59-4 


37 


The percentages of recaptures varied from 56:2 to 77°8 for the males, and from 
24-9 to 72°35 for the females. 


EXPERIMENT I. 
25th November 1910. 


In this experiment, 99 fishes were marked and liberated, 37 being males, 54 
females, and 8 whose sexes were not ascertained. The sizes of the males ranged 
from 30°5 to 42 cm., and of the females from 29 to 58 em. 

The numbers liberated and recaptured are shown, in groups of 5 cm., in the 
accompanying table :— 


| } | | 
| cm. cm, Cc cm, | cm. | em. 


cm. | cm. n Total 

| 25-30°5 | 31-35°5 | 36-40°5 | 41-45°5 | 46-50°5 | 51-55°5 | 56-60'5 
| F. Lib AM aels Bony |) Ba 9 2 6 WH (Uoiga 
F. Recap. . | 3 | 5 21 7 1 2 | 39 
ee re ae ae 3 af es inet 
M. Recap... | — beh hoes de 2 — ret ht Mites 

| 

Ree ee ee te Ig eA De i I a A de ya eat il bew ues 
? Recap. . — 1 Ae A Yaad ae | AP et 3 


Of the 37 males liberated, no less than 30 were of adult size, namely, of 33 cm. 
and over, while 7 were under that size. 

Of the 54 females, 31 were adults (38 cm. and over), while the remaining 23 were 
under that size. 

The fish were taken at the usual place, Station VI., Firth of Forth, on the 
aiternoon of 25th November 1910, and were liberated within an hour of their 
capture, being in the interval kept in tanks of running water. 

The number recaptured was 67, or 67:7 per cent. of those liberated, viz. 25 males 
(67-6 per cent. of the total males liberated), 39 females (72°2 per cent. of the total 
females), and 3 of undistinguished sex (37°5 per cent.). 

Of the 25 males, 24 were of adult size. Their periods of liberty ranged from 
55 to 820 days, and averaged 293days. Their mean size on liberation was 36°5 em., 
and on recapture 38°6 cm. They migrated distances of from 5 to 256 miles, the 
average being 113 miles, and the mean rate of travel per 10 days, 3°9 miles. 

One male was under the adult size, being 31 cm. on liberation and 31:8 em. on 
recapture. It had moved 7 miles in 123 days, thus going at the rate of °6 mile 
per 10 days. 

Thirty-three of the 39 females taken were 38 cm. and over on recapture, and 
they were at liberty for from 6 to 1476 days, the mean period being 402°4 days. 
The mean size on liberation was 39°7 cm., and on recapture 43°9 em. They went 
distances of from 18 to 189 miles, the average being 78 miles, and the mean rate 
of travel per 10 days was 1°98 miles. 

The remaining 6 females were immature, the range of sizes on liberation being 
from 29 to 34 cm., and on recapture from 29°8 to 36°8 cm., averaging respectively 
_ 31-1 cm. and 32°6 cm. The periods of freedom varied from 29 to 326 days, the 
mean being 151 days. The distances travelled were from 8 to 147 miles, averaging 
42°7 miles, and the mean rate of movement was 2°8 miles per 10 days. 


THe ExtENT AND DrirecTIon oF MIGRATION. 


The first fish to be recaptured in this experiment was taken in the following 
month, namely, on the Ist of December 1910, after a period of 6 days. It was an 
adult female, and was caught 27 miles to the north and east, off the Bell Rock. 
Other 2 fish were got in this month, both females. Their movement was also 
north-east, 1 going round Fife Ness to St. Andrews Bay, and the other to within 
a few miles of Aberdeen. The rates of movement of these 3 fishes were respectively 
45, 7-6, and 18°3 miles per 10 days. 
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In January 1911, 4 fishes were got, 2 females, 1 male, and 1 of undistinguished 
sex. One of the females went easterly for a distance of 39 miles in 63 days, the 
second made a long journey to the northwards, being recaptured in Ham Sound, 
Orkney Isles, a distance of 165 miles in only 39 days, thus moving at the rate of 
42°3 miles per 10 days. Both the male and the fish of undetermined sex had 
entered the Moray Firth, and were taken off Whitehills, at a distance of 136 miles 
in periods of. respectively, 45 and 55 days, the mean rates of movement being 
30°2 and 24:7 miles per 10 days. 

Six fish were got in the third month after liberation, February, 4 of them being 
females, and 2 males. Four were taken to the north-east, off the Aberdeenshire 
coast, namely, 3 females and 1 male. They travelled, respectively, 71, 72, 89, and 
92 miles in 74, 86, 70, and 87 days. The remaining male and female were found 
to the east of the station, at distances of 18°5 and 23°5 miles, after 91 and 77 days. 

First Quarter. —Thus, during the first 3 months after liberation, 13 of the marked 
plaice, or 19°4 per cent. of the total number recaptured, were taken, 3 males, 9 
females, and 1 of unknown sex. All had gone in an easterly or north-easterly 
direction, for distances of from 18 to 165 miles. Of the 3 males recovered in this 
quarter, | was found 23 miles to the eastward ; it measured 38°5 cm., and was 
ce ripe.” 

Second Quarter.—Thirteen were recaptured in March, 9 males, 3 females, and 
1 of unknown sex. Most of the males migrated long distances, but 2 were 
taken within the Firth of Forth, 1, of 345-361 em., and “‘ spawning ” (“ partly 
spent ”’) near Pittenweem, at a distance of 5 miles, after 120 days; the other, of 
31-31'8 cm., and “immature” farther to the westwards, off Anstruther, at a 
distance of 7 miles, alter 123 days. All the other males migrated rapidly to the 
northwards ; 1, of 33°5-35 em., and “spent,” was taken at Aberdeen Bank, at a 
distance of 72 miles, after 126 days ; another, of 35°5-35°7 cm., and. described as 
“immature,” was caught near Buchanness, at a distance of 85 miles, after 108 days ; 
2 were recaptured in the Moray Firth, 1 of 37°5-37°6 cm., to the north and east of 
Tarbet Ness, at a distance of 162 miles, after 104 days, and the other, which was 
taken by a foreign trawler, and landed at Ostend, at an unspecified locality ; it 
measured 37-37 cm., and the condition of the testes was not recorded. Another, 
measuring 37-36°9 cm., and “‘ spawning ” (‘‘ partly spent ”) was recaptured after 
106 days off Whiten Head, on the north coast of Scotland, at a distance of 225 
miles. ‘Two others were taken together at Loch Inchard, Ross-shire, on the west 
coast of Scotland, at a distance of 256 miles, after only 114 days, and both were 
“spawning.” These fish travelled with great rapidity, the 2 taken at Loch Inchard 
having moved at a mean rate of 22°4 miles per 10 days, the | captured off Whiten 
Head, at the rate of 21-2 miles, and the 1 caught off Tarbet Ness, at 15°6 miles. 
One of the three females was recaptured in the Firth of Forth, at a distance of 
8 miles to the westward, near Inchkeith, after 105 days ; it measured 30°5-31 cm. 
and was “immature” ; the second female, which measured 54-53°6 cm., and was 
“ripe,” was taken after 112 days 29 miles to the north and east ; the third female, 
the condition of whose ovaries was not recorded, measured “‘ 32-31 cm.,” and was 
taken by a German trawler 52 miles north-east of Rattray Point (Lat. 58° 20’ N. ; 
Long. 1° E.) at a distance of 147 miles, after 121 days. The fish, whose sex was 
not ascertained, measured 39-39 cm., and was recaptured in the Moray Firth, 
after 99 days, by a foreign trawler, and landed at Ostend. 

In April, a male, of 34-35 cm., and “‘ immature ” was captured 12 miles to the 
westward, near Inchkeith, after 139 days. 

One male and 2 females were taken in May, all to the north-east, the male, 
measuring 33°5-33'8 cm., and “immature,” after 161 days, at a distance of 44 miles. 
One of the females, which measured 38°5-41°8 cm., was taken after 173 days at 
a distance of 38 miles. The other female, which measured 39-41 cm., and was 
“spent,” was recaptured, after 174 days, at a distance of 35 miles. 

In the second quarter, then, 17 fish, or 22°4 per cent., were taken, viz., 11 males, 
5 females, and 1 of undetermined sex. Fourteen (82:3 per cent.) went north and 
east, 1 (6°7 per cent.) north and west, and 2 (13:3 per cent.) south and west. Par- 
ticulars as to the position of the recapture of 1 taken in the Moray Firth were not 
given. Of those moving north and east, 9 were males, 4 were females, and 1 was 
of unknown sex. 
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Third Quarter—Three fish were recaptured in June, 2 females and 1 whose 
sex was not determined. One of the females, which measured 39:5-41:4 cm., 
and was “spent,” was taken after 188 days south-east of Aberdeen, ata distance 
of 58 miles. The other female, measuring 40°5-42°9 cm., and “ immature,’’ was 
got 30 miles N.N.E. of Rattray Point, at a distance of 130 miles, after 197 days. 
The fish whose sex was not recorded measured 32°5 cm. on liberation, and was 
taken 38 miles east and a little south of the station. 

Four temales and 1 male were recaptured in July. The male, which measured 
39-43°7 cm., and “had been ripe,” was recaptured, after 235 days, off Whiten 
Head, on the north coast of Scotland, at a distance of 226 miles. One of the 
females, which measured 34-36°8 cm., was taken after 234 days in St. Andrew’s 
Bay at a distance of 22 miles. The second female, measuring 33°5-38°2 cm., and 
“immature,” was recaptured after 219 days near the Bell Rock, ata distance of 
23 miles. The third female, which measured 37-40-2 cm., and was “apparently 
immature,” was recaptured to the north-east of Aberdeen, at a distance of 76 miles, 
alter 221 days. The fourth female, measuring 36-40°6 cm., and “immature,” was 
taken after 223 days, offshore, to the south-east of Aberdeen, at a distance of 
74 miles. 

In August, 2 females were recaptured, both tothe north and east ; 1, measuring 
41-5-44-2 cm., and “ half-ripe,” was taken, after 271 days, near Tod Head, at a 
distance of 47 miles. The other, measuring 375-42 cm., and “immature,” was 
recaptured far offshore, eastward from Aberdeen, at a distance of 124 miles, after 
259 days. 

In this quarter, therefore, 10 fishes, or 15 per cent., were taken, of which 9 
(90 per cent.) went north and east for an average distance of 87 miles, and 1 went 
east and a little south for a distance of 38 miles. 

Fourth Quarter.—In September, a female, of 41-43°5 cm., was taken, after 280 
days, 50 miles E.N.K. of Whitby, at a distance of 105 miles, to the south and east. 

In October a female, of 29-36°6 cm., wastaken, after 326 days, 39 miles to the 
eastwards of the Isle of May. 

Two were taken in November, a male, of 42-44 cm., and “ nearly ripe,” 
alter 357 days, 28 miles to the ore east, near the Bell Rock, and a female, 
40-46°2 cm., and “‘immature,” after 347 days, 142 miles to the north and east. 

Thus, in the fourth quarter, only 4 fishes, or 5°9 per cent., were vecaptured, 
2 to the north and east, 1 to the east, and 1 to the south and east. 

In the twelve months after liberation, 44 plaice, or 65-7 per cent. of the total 
recaptured, were taken, of which only four were got inthe Firth of Forth ; omitting 
these, 37, or 84:1 per cent., went to the northwards, and north and east ; two, or 
4°8 per cent., migrated to the south and east. and one duectly east. Of the 
remaining fish, 2 were taken in 1911, 14 in 1912, 4 in 1913, and 2 in 1914. 

In December 1911 a female, of 37-41-6 cm., and “nearly ripe,” was recovered 
after 397 days, near Buchanness, at a distance of 87 miles, and a male of 36 em. 
on liberation, but of unknown size on recapture, after 399 days, 17 miles to the 
south and east, off Dunbar. 

In February 1912, 2 males were recaptured, both “nearly ripe’ and to the 
northwards, 1, of 35-38°4 cm., after 453 days, off Aberdeen, at a distance of 72 miles, 
and the other: of 31:°5-37°4 cm., after 455 days, in the Dornoch fh, Moray Firth, 
at a distance of 167 miles. 

Two males and 3 females were taken in March 1912, all to rua north and east, 
and ripe or nearly so. One of the females, measuring 40°5-46°6 cm., and “ nearly 
iipe,” was caucht after 469 days, off Fife Ness, at a distance of 18 miles ; another, 
of 36-39°6 cm., and also “nearly ripe,” was found off Aberdeen, at a distance of 
73 miles, after 464 days ; the third female, measuring 41-5-47-1 cm., and “‘ spawn- 
ing,” was caught, after 487 days, near Buchanness, at a distance of 81 miles. One 
of the males, which measured 39-39°7 cm., and was “ripe,” was taken, after 
475 days, in the same locality, at a distance of 86 miles ; the other male, of 33-36:1 
em., and “iipe,” was recaptured off Whitehills, Banfi, in the Moray Firth, at a 
distance of 137 miles, after 480 days. 

One male, of 40-5-46°3 cm., and “ ripe,” was got in May, after 546 days, on the 
north coast of Scotland, off Dunnet Head, at a distance of 214 miles. 

In July, 2 females were recaptured, 1 measuring 37-46-1 cm., and 
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spent,” 
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alter 597 days, offshore, to the east of Aberdeen, at a distance of 82 miles, and 
the other, of 36:°5-45-7 cm., and also “spent,” to the east of the Orkney Isles, at 
a distance of 189 miles. 

In September, a male, of 36:5-38-2 cm., was, caught, after 670 days, 36 miles 
distant, to the east of the Isle of May, and the female, of 36:5-47-8 cm., after 
668 days, offshore, to the south-east of Buchanness, at a distance of 93 miles. 

A male, of 31-5-41:2 cm., and “nearly ripe,” was got in November, after 721 
days, south-east of Buchanness, at a distance of 87 miles. 

In December, after 759 days, a female, measuring 36-5-43 cm., and “ nearly 
ripe,” was recaptured 49 miles to the north and east, east of the Isle of May. 

In February 1913, a male of 36-5-42-1 cm., and “ spawning” (“‘ partly spent ’’), 
was recaptured, after 820 days, off Berriedale Ness, in the Moray Hirth, at a distance 
of 164 miles. 

In March 1913, 2 females were taken, 1 after 837 days, measuring 36-45°5 cm., 
and “nearly ripe” 25 miles distant, to the east of the Isle of May; the other, 
measuring 41°5-45°8 cm., and “spawning” was recaptured in the Moray Firth 
off Whitehills, at a distance of 136 miles, after 857 days. 

A female was recovered in November 1913, after 1074 days, in the offshore 
waters, off Tod Head, at a distance of 65 miles to the north and east ; it measured 
33-44:5 cm., but the condition of the ovaries was not recorded. 

Of the two fish recaptured in 1914, both females, 1, which measured 52-54°5 cm., 
was taken in February, after 1169 days, off Hartlepool, at a distance of 122 
miles to the south and east ; it was “spawning.” The other female, measuring 
42°5-55°3 cm., and “about three-quarters ripe,’ was recovered in December, 
offshore, to the south-east of Aberdeen, at a distance of 69 miles. 

Distances travelled, 10 miles and under.—Three of the marked plaice, or 4°5 per 
cent., were recovered within 10 miles of the station, 2 males, 1 taken off Pittenweem 
at a distance of 5 miles, and the other off Anstruther at a distance of 7 miles, and a 
female, which was got to the westward, near Inchkeith, at a distance of 8 miles. 

10 to 20 miles.—Four fish, or 6:1 per cent., were recaptured, 2 males and 
2 females. One of the males travelled westwards for 12 miles, to the neighbour- 
hood of Inchkeith, and the other, 17 miles to the south-east, outside the Forth. 
The two females were found at a distance of 18 miles to the north-east. 

Under 20 miles—-Thus, 7 fish, or 10°6 per cent., 4 males (16 per cent.) and 3 
females (7-9 per cent.) were found within a distance of 20 miles from the place 
of liberation. 

20 to 50 miles.—Seventeen of the plaice, or 25-8 per cent., migrated distances 
of between 20 and 50 miles. Four (16 per cent.) were males, all of which were found 
to the north and east, the average distance being 33 miles. 'T'welve (31°6 per cent.) 
were females, which had also moved an average distance of 33 miles, all but two 
to the north and east ; one of the other fishes was found 25 miles to the south and 
east, and 1, 39 miles directly east. One, whose sex was not determined, was got 
38 miles to the south-east. 

50 to 100 miles.—Twenty of the fish (30°3 per cent.) migrated aistances between 
50 and 100 miles. Of these, 6 (24 per cent.) were males, all of which had gone to 
the north and east, from 72 to 92 miles, the mean being 82°3 miles. Fourteen 
(36-8 per cent.) were females, which had migrated distances of from 58 to 93 miles, 
also to the north and east, the average distance being 75:3 miles. 

Over 100 miles.—Twenty-two fish (33-3 per cent.) moved distances exceeding 
100 miles. Kleven (44 per cent.) were males, all of which had gone to the north 
and east for an average distance of 194 miles, 6 being taken in the Moray Firth, 
and 5 farther north, 3 of them at distances of 214, 225, and 226 miles, on the north 
coast of Scotland, while 2 had travelled to the west coast and were caught at Loch 
Inchard, a distance of 256 miles from the station. Nine (23-7) per cent. were females, 
which had moved an average distance of 140 miles. Seven of these were taken to 
the north and east, 1 in the Moray Firth, at a distance of 136 miles. and the others 
at distances of from 130 to 189 miles, off the Moray Firth, and the Orkneys. Two 
of the females had taken an unusual direction to the south and east, 1 being 
captured 105 miles distant, 50 miles off Whitby, and the other, 122 miles, 24 miles 
oft Hartlepool. Two whose sexes were not known were taken in the Moray Firth. 

In this experiment, 5 males, or 20 per cent., migrated distances over 200 miles, 
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the average being 235-4 miles, while the farthest distance reached by a female was 
189 miles. 

The following table shows the number and percentage of each sex which were 
found (1) within the Firth of Forth, (2) south of Kinnaird Head, Aberdeenshire, 
(3) within the Moray Firth, (4) farther to the north or north and west :— 


3 d : Farther 
: Inside Outside South of Pay ets 5; 
pexel’| Forth. Te Ringed. Moray Firth. North and 
West. 
A : _ 3 
| No. We No. we Nox lmlG Noss 6 Nox. /8 596 
| M. " 3 13s 22 188s 11 44° Git) 2a 5 20: 
| BF. 1 6 son 97-4 | 32 | 84-2 ie 2°6 4 10°5 
| (2) — —_ 3 100: | | aa 2 66:6) |K=3 ae 
iale es | eer Liabe\rlede ag \ iia 
Total . 4 G62 93:9 | 44 | 66:7 9 13°6 9 13°6 
| | | | 


Only 4, or 6:1 per cent. of the marked plaice, were found within the Firth of 
Forth, 62, or 93-9 per cent., being recaptured outside the Forth. It is to be noted, 
however, that trawling, by which the vast majority of the recaptured plaice are 
taken, is prohibited within the Firth of Forth ; of the four fishes recaptured within 
the Firth, 3 were caught with hooks, and 1 in a crab-net. The majority were 
recaptured south of Kinnaird Head, but 18, or more than a fourth of the number 
recaptured (27:2 per cent.) were taken to the north of Kinnaird Head, 9 in the 
Moray Firth and 9 outside the limits of the Firth, or farther to the north or north- 
west. Only a single female (2°6 per cent.) was recaptured in the Moray Firth, 
where 6 males were taken ; and it is noteworthy that many of the females, both 
those which had gone farther north than Kinnaird Head, and those which were 
taken to the south of it, were captured more offshore, towards the east, in deeper 
water, than the males. 


MATURITY. 


The condition of the testes was ascertained in 22 of the 25 males captured. 
Seven were “spawning ” and “ partly spent”; all were recaptured to the north- 
wards, except | which was taken off Pittenweem, in the Firth of Forth, on 
25th March 1911, after 120 days, at a distance of 5 miles from the station ; it 
measured 34°5-36'1 cm. Four of the others were also caught in March 1911, 
2 being remarkable, as being caught at Loch Inchard, on the west coast of 
Sutherland, after 114 days, at a distance of 256 miles, showing a mean rate per 
10 days of 224 miles ; they measured respectively 36°5-36°3 cm., and 42-41°8 cm., 
and thus had apparently diminished in length ; they were caught by a Grimsby 
trawler and landed at that port. One of the others, taken in March, was got in 
the same direction 8 miles north-east from Whiten Head, on the north coast of 
Sutherland, at the entrance to Loch Erriboll, at a distance of 225 miles, after 106 
days, the rate of travel being 21-2 miles per 10 days ; it was caught by an Aberdeen 
trawler, and landed at Aberdeen, and measured 37-36°9 cm. The other fish 
caught in March, after 104 days, was taken in the Moray Firth, 17 miles N.N.E. 
from Lossiemouth, at a distance of 162 miles; it was captured in a cod-net and 
measured 37°5-37°6 cm.; the rate of travel in this case was 15°6 miles per 10 days. 
Another “spawning” male, measuring 38-37'9 cm., was recaptured in a cod-net 
on 19th January 1911, after only 55 days of freedom, a mile off Banff, in the Moray 
Firth, a distance of 136 miles; the rate of travel in this case was 24°7 miles per 
10 days, or nearly 24 miles a day. The seventh “spawning” male was caught, 
also by cod-net, in February 1913, after 820 days, in the Moray Firth, off Berrie- 
dale Ness, at a distance of 164 miles; it measured 36°5-42°1 cm., and the mean 
tate of travel was 2 miles per 10 days. 

Two males are described as “spent”; 1 was caught in March 1911, after 
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126 days, off Aberdeen, at a distance of 72 miles ; it measured 33°5-35 em. ; the 
other, measuring 39-43°7 cm., was taken off Whiten Head, on the north coast of 
Scotland, in July 1911, after 235 days, at a distance of 226 miles. 

Four males were “ ripe,” all taken to the northwards. One, measuring 38°5-38°7 
cm., was caught in February 1911, after 77 days, 24 miles distant, to the east of 
the Isle of May; the second, of 39-39°7 cm., was caught in March 1912, after 
475 days, near Buchanness, at a distance of 86 miles ; the third, measuring 33-36'1 
cm., was taken, also n March 1912, by cod-nets, at Whitehills, Moray Firth, at a 
distance of 137 miles ; the fourth had migrated farther, being taken in May 1912, 
after 546 days, off the north coast of Scotland, 26 miles N.W. by N. from Dunnet 
Head, a distance of 214 miles; it measured 40°5-46°3 cm. The mean rates of 
movement per 10 days in the cases of these fish were, respectively, 3°1, 1:8, 2°8, 
and 3°9 miles. 

Four males were described as “‘ nearly ripe”; they were all recaptured to the 
northwards. One, measuring 42-44 cm., was taken in November 1911, after 
357 days, at a distance of 28 miles, north and east of the Bell Rock; another, of 
35-38'4 cm., was taken in February 1912, after 453 days, off Aberdeen, at a distance 
of 72 miles ; the third, measuring 31°5-37°4 cm., was captured, by a cod-net, also 
in February 1912, after 455 days, in the Moray Firth, at the entrance to the Dornoch 
Firth, a distance of 167 miles; and the fourth, measuring 31°5-41:2 cm., was 
caught in November 1912, after 721 days, off Aberdeenshire, at a distance of 
87 miles. The mean rates of movement in these cases were, respectively, °8, 1°6, 
3°7 and |:2 miles. 

Of the 4 males of adult size, whose testes were “‘ immature,” one was taken in 
March 1911, after 108 days, off Buchanness, at a distance of 85 miles ; another, 
of 34-35 cm., was caught in April 1911, after 139 days, 12 miles to the west, near 
Inchkeith ; the third was found on 5th May, after 161 days, 44 miles to the north 
and east ; it measured 33'5-33°8 cm.; the fourth, of 36°5-38°2 em., was taken in 
September 1912, after 670 days, 36 miles to the north and east ; a male, measuring 
31-31°8 cm., was caught in March 1911, 7 miles to the north and west, off Anstruther, 
Firth of Forth. 

Of the 33 adult females recaptured, the condition of the ovaries was determined 
in 31 cases. 

Five were “spawning,” but the position of capture, and the date, were not 
ascertained for one of them. Three of the other 4 were got to the north and east, 
1, of 41-°5-45°8 em., in March 1913, after 857 days, in the Moray Firth, off White- 
hills, at a distance of 136 miles ; it was taken in a cod-net. Another, measuring 
47°5-47°6 cm., was caught off Aberdeen Bay in February 1911, after 86 days, a 
distance of 72 miles; the third was taken a little farther north, in March 1912, 
after 487 days, the distance being 81 miles; it measured 41°5-47-1 cm. The 
fifth fish was captured in February 1914, after 1169 days, 24 miles E. by 8. of Hartle- 
pool, having migrated a distance of 122 miles to the south and east ; it measured 
52-545 cm. The mean rates of migration of those four fish were as follows :— 
1:64, 8:4, 1-7, 1-04 miles per 10 days. 

One adult female is described as “ripe” ; it measured 54-53'6 cm., and was 
caught in March 1911, after 112 days, 29 miles to the north and east, off the Bell 
Rock. 

Four were described as “ spent,”’ all captured to the north and east. One, of 
39-41 cm., was taken in May 1911, after 174 days, 35 miles distant, east of the 
Bell Rock ; the second, measuring 39:5-41:4 cm., was caught in June 1911, after 
188 days, off Tod Head, 58 miles distant; the third, measuring 36°5-45:7 cm., 
was taken in July 1912, after 586 days, east of Auskerry, Orkney Islands, 189 miles 
distant ; and the fourth, of 37-46°1 cm., was also caught in July 1912, after 597 days, 
off the Aberdeenshire coast, at a distance of 82 miles. The mean rates of travel, 
per 10 days, were respectively 2, 3:1, 3:2, and 1:4 miles. 

Six were “nearly ripe.” One was caught 25 miles to the south and east in 
March 1913, after 837 days ; it measured 36-45°5 cm. All the others weie taken 
to the north and east ; 1, in December 1912, after 759 days, 49 miles distant ; it 
measured 36°5-43 cm. ; another, of 37-41°6 cm., in December 1911, after 397 days, 
off Buchanness, at a distance of 87 miles; the fourth, of 36-39°6 cm., in March 
1912, after 464 days, 73 miles distant, off Aberdeen ; the fifth, of 40°5-46°6 cm., 
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also in March 1912, after 469 days, at a distance of 18 miles; and the sixth, in 
February 1911, after 74 days, also off Aberdeen, at a distance of 71 miles; it 
measured 44-44°3 cm. 

One female was “about three-quarters ripe,” in December 1914, when it was 
caught off Aberdeen, at a distance of 69 miles, after 1476 days ; it measured 42°5- 
55°3 cm. 

Two females were “ half-ripe,” both recaptured to the north and east; one 
was taken in February 1911, after 70 days, off Buchanness, 89 miles distant ; it 
measured 39-39°4 cm.; the other was caught in August 1911, after 271 days, 
ofi Bervie, 47 miles to the north and east ; it measured 41°5—44°2 em. 

Three were described as “a quarter ripe,” and were all recaptured to the north 
and east ; 1 was taken in December 1910, after only 6 days, 27 miles to the north 
and east, north of the Bell Rock, and measuring 39-38°8 em.; the second, also 
caught in December 1910, after 35 days, near Aberdeen, at a distance of 64 miles ; 
it measured 39°5-39°7 cm.; the third, which measured 38°5-38°7 cm., was 
recovered on 3rd January 1911, after 39 days, east of the Pentland Skerries, at a 
distance of 165 miles. All these three fish showed rapid movement, the respective 
mean rates, per 10 days, being 45, 18°3, and 42°3 miles. They were obviously 
females reaching first-maturity, and they would probably spawn in the ensuing 
season. 

Of the 9 females described as “immature ” 1 was caught in January, 1 in May, 
1 in June, 3 ia July, 1 in August, 1 in September, and 1 in November. They 
were al! taken to the north and east, at distances of from 23 to 142 miles, after 
intervals of from 63 to 668 days. The one caught in January 1911, after 63 days, 
measured 40-39°9 cm., and was recaptured 39 miles eastwards ; the one taken in 
May 1911, after 173 days, measured 38°5-41°8 cm., and was caught 38 miles distant. 
Three had gone long distances ; 1, of 40°5-42°9 cm., was taken in June 1911, after 
197 days, off Rattray Head, 130 miles to the north-east ; another, of 37°5-42 em., 
was caught in August 1911, after 259 days, far offshore, east of Aberdeenshire, at 
a distance of 124 miles ; the third, measuring 40-46°2 cm., was taken in November 
1911, after 347 days, off the middle of the entrance to the Moray Firth, at a distance 
of 142 miles. 
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EXPERIMENT II. 
8th February 1911. 


The number of plaice marked and liberated in this experiment was 100, viz. 
35 males, 56 females, and 9 of which the sex was not determined. The sizes of 
the males ranged from 29 to 39 cm., and of the females from 29°5 to 51°5 cm. ; 
the sizes of the 9 fish of undistinguished sex varied from 31 to 40°5 cm. The 
numbers liberated and recaptured are shown in the subjoined table in groups of 
5 em. :— 


cm. cm. cm. em. cm. cm. 
25-30°5 31-35°5 36-40°5 41-45°5 46-50°5 51-55:5 Total. 
F. Lib. ; : 4 23 18 6 3 2 56 
F. Recap. . oo 12 12 4 1 — 29 
meri. > tA 25 6 == = — 35 
M. Recap. . : 4 16 4 — — — 24 
? Lib. : = 6 3 — — _: 9 
? Recap. j te 2 — = — —— 2 


Seventeen of the males and 39 of the females were under adult size (33 cm. 
and 38 cm.) when liberated. The plaice for the experiment were trawled by the 
“Goldseeker ” at Station VI. in the Firth of Forth, off Pittenweem, on the 8th 
February, and the fish were marked and liberated at the station which is only a 
few miles from Station VI., in the course of a few hours. 

The number of the marked plaice subsequently recaptured was 55, or 55 per 
cent., which is a relatively small proportion ; of the total, 24, or 68°6 per cent., 
were males, 29, or 51°8 per cent., were females, and 2, or 22°2 per cent., were of 
unknown sex. 


44 


Nineteen of the 24 males recaptured were of adult size on recapture, the sizes 
ranging from 33°3 to 43°8 cm., the mean being 38°6 cm., as compared with 29 to 
39 em., with a mean of 33°9 cm., on liberation ; the periods of freedom varied 
from 121 to 1306 days, the average being 453 days ; the distances migrated varied 
from 4 to 212 miles, with a mean of 93:1 miles, and the average rate of movement, 
per 10 days, was 2 miles. 

Five of the males were under adult size, the average being 32°2 cm., compared 
with 31:4 cm. on liberation ; the mean period of freedom was 148 days, and the 
distances migrated were from 4 to 28 miles, the average being 15°6 miles, and 
the mean rate of travel, per 10 days, 1:1 miles. 

Of the 29 females, 22 were of adult size on recapture, the sizes ranging from 
40°1 to 51:9 cm., the mean being 44°3 cm., while on liberation the sizes were from 
31°5 to 49°5 cm., the average being 38:1 cm.; the average period of freedom was 
395 days, the range being 14 to 1148 days, and the distances migrated varied 
from 11 to 161 miles, the mean being 68°2 miles, and the mean rate of movement 
1:7 miles per 10 days. 

Seven of the females were under adult size, the average size being 34:1 cm., 
as compared with 34:2 cm., on liberation ; the periods of freedom averaged 59 
days, and the distances migrated, 124 miles, ranging from 3 to 59°5 miles ; the mean 
rate ot movement, per 10 days, was 2°1 miles. 


Tue Extent anD DrtrecTion or MIGRATION. 


First Quarter.—Only 1 of the marked plaice was recaptured in February, viz. 
a female, which measured 44-44 cm., and was caught after 14 days 18 miles to the 
north and east, “spent.” 

In March 1911, 9 were recaptured, 2 males, 6 females, and 1 of unknown sex. 
Five of these, viz. 2 males and 3 of the females, were taken within the Firth of 
Forth, at distances of from 3 to 5 miles, in from 22 to 41 days, all towards the 
north shore of the Firth. All these fish were under the adult size, and the repro- 
ductive organs were “immature,” in the 4 cases in which the condition was known. 
Three of the other females were found to the north and east, outside the Firth ; 
1, of 39°5-39°6 cm., 28 miles distant, north-east of the Bell Rock; it was 
“spent”; another, of 49°5-50°2 cm., was taken off the coast of Aberdeen, at a 
distance of 62 miles, after 50 days, “spawning”; the third was also taken near 
Aberdeen, at a distance of 59 miles, after 45 days ; it measured 33-32°1 cm., and 
was ‘““immature.” The remaining fish was of undistinguished sex, and had gone 
to the south and east ; it was captured, after 51 days, 32 miles off Longstone Light, 
at a distance of 78 miles, and was “ partly spent.” 

In April, 4 of the marked plaice were recaptured, 1 male and 3 females. The 
3 females were all taken within the Firth of Forth, 1 off Kirkcaldy, at a distance 
of 11 miles, after 63 days ; it measured 37°5 cm. on liberation, but the size on re- 
capture was not ascertained, nor the condition of the reproductive organ. Another, 
under adult size, was found on Station VI., where it was originally caught, at a 
distance of 4 miles, after 76 days. The third, of 36°5 cm., and thus under adult 
size, was taken in Largo Bay, 43 miles distant, after 55 days. The male had moved 
out of the Firth, and was taken to the east of the Isle of May, at a distance of 24 
miles, after 79 days ; it measured 31-31°9 cm., and was ‘“‘ immature.” 

In the first quarter, then (the month of February included), 14 of the marked 
plaice, or 25:4 per cent., were recaptured ; 8 (57:1 per cent.) had moved north and 
east for an average distance of 26 miles (4 of them into the Firth of Forth); 4 
(28°6 per cent.) had moved north and west, an average distance of 6°2 miles (all 
within the Firth of Forth) ; and 2 had moved to the south and east for an average 
distance of 51 miles. Eight of the 14 fish had remained within the Firth of Forth, 
or 57:1 per cent., and 2 of them were recaptured at Station VI., where they had 
been originally caught. Of the 6 fish which left the Firth of Forth, 4 went to the 
north and east for distances of from 18 to 59 miles; 1 travelled east and a little 
south for 24 miles, and another south and east for 78 miles. — 

Second Quarter.—Only 1 of the marked plaice was caught in May 1911; it was 
of undistinguished sex, measuring 33°5-34°5 cm:, and was recaptured within the 
Firth of Forth, near Methil, 74 miles distant, after 99 days. 
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Three were taken in June, 1 male and 2 females, all “immature.” The male 
which measured 34°5-36°5 em., had migrated to the Moray Firth, and was taken 
off Noss Head, near Wick, at a distance of 169 miles, after 121 days, the mean 
rate of movement being 13°9 miles per 10 days. One of the females, measuring 
37°5-41:°2 cm., was also taken to the south-east of Noss Head, at a distance of 
154 miles, after 130 days, the mean rate of movement being 11°3 miles, per 10 days. 
The third female, of 39°5-40°9 cm., was caught off Aberdeen, at a distance of 
72 miles, after 118 days, the mean rate of travel being 6:1 miles per 10 days. 

Four were recaptured in July, 1 male and 3 females ; they were all “immature.” 
One, a female of 36°5-36°5 cm., and therefore under the adult size, was taken in 
the- Firth of Forth, at Station VI., where it was originally caught, a distance of 
4% miles, after 155 days; another female, measuring 37-40°5 cm., was taken, 
after 166 days, off Montrose, to the north and east, a distance of 373 miles ; the 
third female, measuring 40-43°9 em., was caught, after 172 days, 433 miles to the 
north-east ; the male, of 34°5-36°2 cm., was got off Buchanness, 853 miles distant, 
after 155 days. 

In the second quarter, then, the total number of marked plaice recaptured was 
8, or 14:5 per cent., of which 7, or 87°5 per cent., were taken to the north and 
east, the average distance being 81 miles, and the mean rate of travel 59 miles 
per 10 days ; one of these fish was caught within the Firth of Forth. Another, 
also caught in the Firth of Forth, had moved 74 miles to the north and west. 

Third Quarter—In August 1911, 2 fish were recaptured, a male of 34-36 cm., 
off the Isle of May, 19 miles to the north and east, after 188 days, and a female 
measuring 36-40°1 cm., 26 miles distant in the same direction. 

None was taken in September, but 2 were got in October, 1 of 37-40°2 cm., 
224 miles to the south and east, off St. Abb’s Head, after 240 days, and the other 
of 37-38 cm., to the north-east, off Aberdeen, at a distance of 57 miles. The latter 
is described as “ nearly ripe,” and the former as “ half-ripe.” 

In this quarter, therefore, only 4 fish, or 7°3 per cent., were recaptured. 

Fourth Quarter—Two males were taken in November, both to the north and 
east ; 1, of 389-438 cm., was caught after 294 days near Aberdeen, at a distance 
of 70 miles ; the other, of 30-31°7 cm., was taken, after 269 days, near the Bell 
Rock, at a distance of 28 miles. 

In December, a male and a female were recaptured; the male measuring 
31 cm. on liberation, but of unknown size on recovery, was caught off the mouth 
of the Forth, to the south and east, at a distance of 17 miles ; the female, of 34-43°7 
em., was taken, after 296 days, to the south and east, off the coast of Northumber- 
land, at a distance of 853 miles. 

None was taken in January 1912. 

Thus, in this quarter, only 4 fishes were recaptured, or 7:3 per cent., 2 to the 


- north and east, and 2 to the south and east. 


Within 12 months of liberation, the total number of the marked plaice recap- 
tured was 30, or 54°5 per cent., Twenty (66°6 per cent.) had migrated to the 
north and east, and 5 (16.6 per cent.) to the north and west, and to the south and 
east respectively. Of these, 10 were taken within the Firth of Forth, 5 to the 
north and east, and 5 to the north and west. 

Of the remaining fish recaptured in this experiment, 19 were taken in 1912, 
4in 1913, and 2 in 1914. 

Two were got in February 1912, 1 within the Firth of Forth, off Largo, at a 


distance of 5 miles, after 383 days, measuring 29-33°3 cm., and “immature ” ; 


the other haa migrated 72 miles to the north and east, and was caught off Aberdeen, 
aiter 376 days ; it measured 34°5-38-2 cm., and was “ about ripe.” 

Sx were caught in March 1912, 5 males and 1 female, and all to the north and 
east. One of the males had gone only a short distance of 4 miles in 391 days, and 
was taken off Pittenweem, in the Firth of Forth ; 1t measured 29-35°8 em., and the 
testes were “immature.” Three males were taken in the Moray Firth, 1, measur- 
mg 35-40°5 cm., and “ripe,” off Kinnaird Head, at a distance of 126 miles, after 
391 days ; the second, of 32°5-37 cm., in the same region, at a distance of 127 miles, 
alter 387 days, the condition of the testes not being ascertained; the third, 
measuring 32°5-37 cin., was taken off Brora, at a distance of 174 miles, after 400 
days, and it was “ripe.” The remaining male was caught off Collieston, Aberdeen- 
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shire, at a distance of 81 miles, after 413 days; it measured 33-37°8 cm., and was 

“spent.” The female was also caught in the Moray Firth, after 400 days, but the 
exact locality of capture and the condition of the ovaries are unknown ; it 
measured 35°5-45 cm. 

Two females and 1 male were recaptured in April 1912, 2 to the north and east, 
and 1 to the eastward. The male, measuring 37—-41°2 cm., was caught far offshore, 
east of Aberdeenshire (57° 15’ N.; O° 10’ W.), in 44 fathoms, after 444 days, the 
condition of the testes not being ascertained. One of the females, of 38-44-9 cm., 
and “‘ spent,” was caught near Buchanness, at a distance of 81 miles, after 421 days. 
The other female, measuring 37:5-44 cm., was taken 29 miles E. 4 N. of St. Abb’s 
Head, a distance of 48 miles, after 421 days; the condition of ae ovaries was 
not determined. 

A female, of 43-47 cm., and “ spent,’ was captured in May 1912, after 465 days, 
in the Moray Firth, off Clyth Ness, a distance of 161 miles. Another female, measur- 
ing 35°5-43-6 cm., was taken in June, after 505 days, to the south-east of Aberdeen, 
at a distance of 77 miles, and 1 of 41-5-47-9 cm., and “spent,” in July, after 532 
days, 43 miles to the north and east. In August, a male and a female were cap- 
iured, the male to the north-east of St. Abb’s Head, 34 miles distant, after 545 days, 
and the female, measuring 31°5-43°3 cm., after 559 days, off Rattray Head, at a 
distance of 105 miles. Another female, of 37-45 cm., “ three-quarters ripe,” was 
also caught off Rattray Head in September, after 575 days, a distance of 110 miles. 
The other 2 fish taken in 1912 were got in December, a male and a female, both to 
the north and east. The male, measuring 34:5-40 cm., and “nearly ripe,” was 
caught after 663 days, off the coast of Aberdeen, at a distance of 84 miles, and the 
female, of 34-45-2 cm., and “immature,” also after 663 days, eastwards of the Bell 
Rock, at a distance of 45 miles. 

The next fish recaptured was in February 1913 ; it was a male, of 35:5-40 cm., 
and “spent,” taken 14 miles off Banff, in the Moray Firth, at a distance of 134 
miles, after 748 days. A female, of 33-41 cm , was caught off Lossiemouth, in the 
Moray Firth, in June 1913, after 861 days, at a distance of 156 miles. 

Two were captured in July ; ; a female of 45-5-51-9 cm., and described as “spent,” 
after 889 days, within the Firth of Forth, off Kirkcaldy, 103 miles to the westwards ; 
and a male of 32°5-43°9 cm., after 892 days, 5 miles 9.8.W. of Copinshay, Orkney 
Isles, at a distance of 181 miles. 

The next marked fish captured was a female, which was found in April 1914, 
alter 1148 days, to the east of Holy Island, Northumberland, at a distance of 53 
miles from the place of liberation ; it measured 32:5-47°5 cm., and was described as 

‘ spent.” 

The last fish to be taken was a male, measuring 34—43-1 cm., which was recap- 
tured in September 1914, after 1306 days, 7 miles 8.E. of Fair isle, at a distance of 
212 miles. 

Distances travelled—Under 10 miles.—Eleven of the recaptured fish, or 20-4 per 
cent., were taken at distances not exceeding 10 miles, viz. 4 males (16°6 per cent.), 
with an average of 4°5 miles, and 6 females (21-4 per cent.), with an average of 
4-3 miles, and 1, whose sex was not known, had migrated 7} miles. All these fish 
were taken on the north side of the Firth of Forth, off the coast of Fife, 5 off Largo, 
1 off Elie, 1 off Methil, and the remainder off Pittenweem, at Station VI., where 
they were originally caught for the marking experiment. While some of these 
fish, which hed remained in the Firth were caught within a short time after libera- 
tion, in from 22 to 41 days, 2 of them had been for a year and more, both males, 
one of 29- 33°3 cm., and therefore under the adult size, for 383 days; it was “im- 
mature” when taken in February, and the other, measuring 29-35°8 cm., taken in 
March, and also ‘‘immature,” for 391 days. None of the fish was of adult size 
when recaptured. 

10 to 20 miles.—Five (9-4 per cent.) were recaptured between 10 and 20 miles, viz. 

2 males (8°3 per cent.), with an average distance of 18 miles, and 3 females (10-7 per 
Tea ), with an average distance of 13 miles. The 2 males were caught to the east - 
wards, outside the Firth, at distances of 17 and 19 miles. One of the females was 
also taken to the north-east, off Fife Ness, at a distance of 18 miles, after 14 days. 
Both the other females were caught in the Firth of Forth, off Kirkcaldy, at distances 
of between 10 and 11 miles, 1, measuring 37°5 cm. on liberation, but of unknown 
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size on recapture, after 63 days, and the other, measuring 45°5-51-9cem., in July 1913, 
after 889 days. 

Under 20 miles —Thus, 16 of the fish, or 29°6 per cent., were recaptured at dis- 
tances of under 20 miles, viz. 6 males (25 per cent.), with an average distance of 9 
miles, 9 females (32:1 per cent.), with an average distance of 73 miles, and 1 of un- 
distinguishable sex, which went 74 miles. 

20 to 50 miles.—Hleven plaice, or 20-4 per cent., migrated distances between 
20 and 50 miles, viz. 7 females (25 per cent.), with an average of 39 miles, and 4 males 
(16°6 per cent.), with an average of 27:2 miles. One of the females went to the 
south and east for 483 miles, and all the others to the north-east, for distances of 
from 26 to 453 miles. Three of the males had moved to the east and south, off the 
mouth of the Firth, for 23, 24, and 34 miles, and 1 to the north and east for 28 miles. 

50 to 100 miles.—Fourteen, or 25-9 per cent., were found at distances of from 52 
to 852 miles, viz. 6 males (25 per cent.), with an average of 74 miles, 7 females 
(25 per cent.), with an average of 68°8 miles, and 1 of undistinguished sex, at 784 
miles. All the males had migrated to the north and east, and were taken off the 
coast of Aberdeenshire. Five of the 7 females had gone in the same direction, to 
the north and east, and were taken off the coast of Aberdeenshire ; 2 went to the 
south and east for distances of 53 and 853 miles. 

Over 100 miles.—Thirteen, or 24°1 per cent., were recovered at distances of from 
105 to 212 miles, viz. 8 males (33°3 per cent.), with a range of from 110 to 212 miles, 
and a mean of 154-4 miles, and 5 females (17°8 per cent.), with a range of from 105 
to 161 miles, and an average of 1374 miles. All the fish were found to the north- 
wards, 8 of them in the Moray Firth, 1 at Orkney, 1 at Fair Isle, 2 off Rattray 
Head, and 1 far offshore, east from Aberdeenshire. With two exceptions, all the fish 
had been at liberty for periods exceeding a year, and up to 748, 861, 892, and 1306 
days. None of the fish from this experiment was recaptured on the north or the 
west coast of Scotland. 

The number recaptured within the Firth of Forth was 13, or 23°6 per cent., 
4 (16°6 per cent.) being males, 8 (27°6 per cent.) females, and 1 of undistinguished 
sex. Forty-two, or 76°3 per cent., were recaptured outside the Firth, 31, or 56:3 
per cent., to the south of Kinnaird Head, 8, or 14°5 per cent., in the Moray Firth, 
and 3, or 5:4 per cent., farther north. The particulars are given in the following 
table :— 


- Inside Per Outside Per South of Per Moray Per Farther Per 

* Forth. cent. Forth. cent. Kinnaird. cent. Firth. cent. N.and W. cent. 
M. 4 16°6 19 79°1 18 54:1 5) 20°8 2 83 
F. 8 27°6 21 72°4 17 58°6 3 10°3 1 374 
(2) 1 50: 1 hA5 0: 1 ROent its ey A oe aa 


Total. 13 23°6 42 76°3 31 56°3 8 14°5 5) 54 


MATURITY. 


Males.—Oi the 24 males recaptured, the condition of the testes was ascertained 
in 19 cases. 

None was described as “ spawning,” but 2 were “ripe,” both caught in March 
1912, after 391 and 400 days, both in the Moray Firth, 1 to the west of Kinnaird 
Head, at a distance of 126 miles, and tie other off the Dornoch Firth, at a distance 
of 174 miles; the fish measured respectively 35-40°5 cm., and 32°5-37 cm., and the 
mean rate of movement per 10 days was 3:2 and 4:3 miles. 

One male, of 35°5-40 cm. was described as “spent”; it was taken off Banff 
in the Moray Firth, at a distance of 136 miles, in February 1913, after 748 days, the 
mean rate of movement being 1°78 miles per 10 days. Another male, of 33-37°8 
em., caught in March 1912, after 413 days, off the Aberdeenshire coast, was described 
as “ spent ” or “‘ immature.” 

Three males were “ nearly ripe,” all caught to the north-east, off the coast of 
Aberdeen, at distances of from 57 to 84 miles, in the months of February, October, 
and December, after 376, 263, and 663 days; all were above the adult size on 
liberation. 

Two males were described as “ fully half-ripe ’ 


6 6 


>; 1 was caught off the coast of 
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Aberdeen, at a distance of 70 miles in November 1911, and the other, north of St. 
Abb’s Head, in October 1911. One male was said to be “about half-ripe ” ; it 
was caught in August 1912, after 545 days, 34 miles distant, to the north-east of 
St. Abb’s Head. All these fish were over the adult size on hberation. 

Six males were ‘‘immature.” Four were over the adult size when liberated, 
and they were caught in June, July, August, and September—months well without 
the limits of the spawning season ; | was caught near Fair Isle, 1 in the Moray Firth, 
1 off Buchanness, and 1 north-east of May Isle ; the other 2 were under adult size 
when liberated, and were both taken in the Firth of Forth, at a distance of 5 miles 
from the Station, in February and March 1912, after 383 and 391 days; they 
measured respectively 29-33'3 cm., and 29-35°8 cm., so that the latter was above 
the average adult size during the spawning season, and was yet “immature.” 

Females.—The condition of the ovaries was determined in 23 of the 29 females 
recaptured. One, measuring 49°5-50°2 cm., was “ beginning to spawn” ; it was 
caught off Aberdeen, at a distance of 624 miles, i March 1911, after 50 days, the 
mean rate of movement being 12°5 miles per 10 days. 

None of the females was described as “‘ ripe.” 

Seven were “spent”; 6 were above adult size on liberation. The largest of 
all, measuring 45°5-51'9 cm., was taken in July 1913, after 889 days, off Kirkealdy, 
in the Firth of Forth, about 10 miles distant ; 1 was caught in the Moray Firth, off 
Clyth Ness, in May 1912, and another off Aberdeen, at a distance of 81} miles, in 
Apri! 1912; 3 were taken off the Isle of May, at 18, 283, and 433 miles, in March 1911, 
February 1911, and July 1912 ; the seventh spent female was found in April 1914, 
after 1148 days. 53 miles to the south and east, off Holy Isle ; it measured 32°5 cm., 
when liberated and 47:5 cm. on recapture. 

One female, measuring 37-45 cm., was described as ‘three-quarters ripe ” ; 
it was caught in September 1912. off Rattray Head, 110 iniles to the northwards. 
Two were “half ripe,” 1 taken in August 1912, off the coast of Aberdeen, 77} miles 
distant, and the other off Rattray Head, in August 1912, ata distance of 105 miles ; 
they measured respectively 35:5-43°6 cm., and 31°5-43'3 cm. 

Seven females above adult size on recapture were described as ‘“‘ immature ” ; 
3 were taken in the month of June, 2 in the month of July, 1 1a August, and 1 in 
December, all to the north and east. Five females. which were under the adult 
size on recapture, were caught m March and April 1911, 4 of them in the Firth of 
Forth, at distances of from 3 to 5 miles, and 1 off the coast of Aberdeen, at a dis- 
tance of 593 miles, after 45 days. 

One fish, whose sex is not recorded, but which from its size was probably a 
male, is described as “spawning”; it was caught m March 1911, after 51 days, at 
a distance of 784 miles to the south-east, off the coast of Northumberland ; it 
measured 35-35°2 cm. 
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EXPERIMENT III. 
2hst March 1911. 


In this experiment, only 50 fishes were marked and liberated, viz. 29 mates. 
19 females, and 2 whose sex was not determined. The sizes of the males ranged 
from 27°5-38 cm., and of the females, from 26°5-37 em., while the 2 of undistin- 
guished sex each measured 34cm. Nineteen of the males and 19 of the females were 
under the adult size when liberated. The numbers liberated and recaptured, 
arranged in 5-cm. groups, are shown on the accompanying table : 


cm. cm. cm. : 
25-30°5 31-35°5 36-40°5 Total. 
F. Lib. é ‘ : 4 15 2 19 
F. Recap. . : : 3 6 2 11 
M. Lib. : : : 12 14 3 29 
M. Recap. . : 4 if 12 — 19 
? Lib. ; : : — 2 — 2 


? Recap. . : : — — -- 
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All the plaice used in this experinent were trawled by the “ Goldsecker”’ 
at Station VI., Firth of Forth, on the same day as they were marked and 
liberated. 
The number recaptured was 30, or 60 per cent., 19 (65°5 per cent.) being males, 
and 11 (57-9 per cent.) females. 
Of the 19 males, 14 were of adult size, when recaptured, the sizes ranging from 
-35°4-39°2 cm., and averaging 37:1 cm., whereas, on liberation, the average size 
was 31°7 cm., and the range, from 28°5-35 cm. ; their periods of liberty ranged from 
90 to 1247 days, the mean being 445 days; they migrated distances of from 4} 
to 168 miles, the average distance being 67-6 miles, and the mean rate of movement 
1:4 miles per 10 days. 
The average size of the 5 males under adult size on recapture was 28 cm., and 
on liberation 29 cm. ; the mean period of freedom was 29 days, and the distances 
migrated, from 4} to 13} miles, the average being 7-4 miles, and the mean rate 
_ of movement 2°5 miles per 10 days. 
Of the 11 females, 6 were of adult size on recapture, the sizes ranging from 38°3 
to 41 cm., and averaging 40°1 cm., while on liberation the range was 30-37 cm., 
and the mean 33°9 cm.; the periods of freedom varied from 184 to 458 days, aver- 
aging 361 days; the distances migrated were from 5 to 46 miles, the mean being 
25°9 miles, and the mean rate, per 10 days, *7 mile. The average size of the other 
5 females was 33°7 cm., on recapture, and 31°6 cm. on liberation ; the periods of 
freedom varied from 22 to 472 days, and the average was 151 days ; the distances 
migrated ranged from 5 to 33} miles, the mean being 14 miles, and the average rate 
of movement, per 10 days, °9 mile. 


THe EXTENT AND DIRECTION oF MIGRATION. 


First Quarter.—One fish, a male, of 28-27°6 cm., was recaptured in March 1911, 
after 7 days, off Anstruther, in the Firth of Forth, at a distance of 6 miles. 

In April, 3 were taken, 2 males and a female, all within the Firth of Forth, and 
all under the adult size. One of the males was got after 20 days, off Buckhaven, 
ata distance of 7 miles ; the other male was caught, after 35 days, off St. Monans, 
ata distance of 4 miles; while the female was taken, after 22 days, off Pittenweem, 
at a distance of 5 miles. 

In May, 2 males and | female were recaptured, all within the Firth of Forth, 
and all under adult size. One of the males was found, after 41 days, off Anstruther, 
at a distance of 6 miles ; the other was caught, after 44 days, 13 miles to the west- 
wards, near Pettycur (east of Burntisland) ; while the female was got, after 45 days, 
off Largo, at a distance of 6 miles. 

Two were recaptured in June, a male and a female, both under adult size. The 
male was caught off St. Monans, at a distance of 4 miles, after 90 days, and the 
female, off Pettycur, 15 miles to the westwards, after 73 days. 

Thus, all the fish recaptured to the end of June 1911, 9 in number, or 30 per cent. 
of the total recaptured, were taken within the Firth of Forth, and all were consider- 
ably under adult size, both on liberation and recapture. They were all taken on the 
north coast of the Forth (Fifeshire). 

Second Quarter —None was recaptured in July, but 2 were taken in August. 
One of these, a female, which measured 33-35°5 cm., was caught, after 146 days, 
within the Firth of Forth, in the South Bay, near Cockenzie, at a distance of 11 
miles ; the other, a male, which measured on liberation 35 cm., but whose size 
on recapture was not recorded, had moved out of the Forth, and was taken to the 
eastwards, at a distance of 17 miles, after 145 days. 

Two were recovered in September. A female, of 35-38°3 cm., was found, after 
184 days, eastwards of the Isle of May, at a distance of 26 miles ; the other was a 
male, of 32°5-36°5 cm., which was caught, after 176 days, in the same locality 26 
miles distant ; both were “immature.” 

Third Quarter —Two were taken in October 1911, both males; 1, of 31-35°9 
em., was caught off Montrose, at a distance of 43 miles to the north-east, after 222 
days ; and the other, measuring 32-35°6 cm., was caught, after 224 days, in the 
same locality, but a little farther north, at a distance of 50 miles ; both were de- 
scribed as “ nearly ripe.” 
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None was caught in November, but in December, a male, measuring 35-38°9 
cm., was taken, after 259 days, off St. Andrews Bay, at a distance of 22 miles ; it 
was described as “ nearly ripe.” 

Only 3 fish (10°7 per cent.) were taken in this quarter. 

Fourth Quarter.—In January 1912, after 310 days, a male, of 33-5-38°3 cm., was 
caught im the Moray Firth, to the east of Noss Head, at a distance of 154 miles ; the 
condition of the testes was not ascertained. 

Three of the fishes were recaptured in February, but the place of capture of 
1 of them, a male, was not recorded. The other 2 were females ; 1, of 36-41 cm., 
was taken, after 337 days, off Pittenweem, in the Firth of Forth, at a distance 
of 5 miles; it was described as “‘rather immature”; the second female was 
caught, after 332 days, to the east of May Isle, at a distance of 24 miles ; it was 
“ripe,” and measured 37-40°9 cm. 

In March 1912, 2 males were recaptured, but the place of capture of 1 was not 
ascertained ; the other, measuring 31°5-36°9 cm., was caught, after 352 days, 
near Pittenweem, at a distance of 5 miles ; it was ‘‘ immature.” 

In this quarter, then, 6 fish were taken, or 20 per cent. of those recovered, 
but the positions of 2 of them were not ascertained. 

In the 12 months after liberation, 22 marked plaice, or 73:3 per cent. of the 
total, were recaptured, and the position of recapture was ascertained for 20 of 
them. Seven of the males (41:2 per cent.), and 5 of the females (45°5 per cent.), 
or 12 fish in all (42°9 per cent. of those whose position was ascertained) were found 
within the Firth of Forth ; 1 was recaptured in the Moray Firth, 2 off the coasts 
of Forfar and Kincardine, and 4 to the east of the Isie of May. 

Of the remaining fish, 4 were recaptured in the remainder of 1912, 2 in 1913, 
and 2 in 1914. 

A female, caught in May 1912, after 407 days, was taken 46 miles distant, to 
the east of St. Abb’s Head ; it measured 32°5-39°5 cm. 

In June, 2 females were recovered, 1 north-east of the Isle of May, at a distance 
of 203 miles, alter 458 days, and the other, of 30-40°6 cm., farther in the same 
direction, at a distance of 334 miles. 

The fourth fish taken in 1912 was a female, captured in July, after 472 days, 
to the south-east of Montrose ; it measured 30-37 cm. 

In March 1913, after 714 days, a male, of 29°5-37:2 cm., and “ partly spent,” 
was captured in the Moray Firth, off Clyth Ness, at a distance of 164 miles, 

In April, after 742 days, another male was taken, also in the Moray Firth, off 
Whitehills, at a distance of 1393 miles ; it measured 28°5-36°5 cm., and was “ nearly 
spent.” 

: In March 1914, after 1082 days, another male was taken im the Moray Firth, 
to the south of Clyth Ness, at a distance of 168 miles ; it measured 31°5-39'2 cm., 
and was ‘“‘ spawning.” 

The last fish recaptured from this experiment was also a male, which measured 
34 cm. on liberation, but the size on recapture was not recorded, nor the condition 
of the testes; it was taken in August 1914, after 1247 days, off St. Andrews 
Bay, 184 miles to the north and east. 

Distances Travelled—Under 10 miles ——Nine of the plaice (32°1 per cent.) were 
found at distances not exceeding 10 miles, viz. 6 males (35°3 per cent.), with an 
average of 5°5 miles, and 3 females (27:2 per cent.) with an average of 5:3 miles. 
All were found within the Firth of Forth. 'Three were taken near Pittenweem, 
ata distance of 5 miles, 2 near St. Monans, ata distance of 44 miles, 2 off Anstruther, 
at a distance of 6 miles, 1 off Largo, at a distance of 6 miles, and 1 off Buckhaven, 
at a distance of 7 miles. 

10 to 20 miles.—Five fishes (17:8 per cent.) were recaptured between 10 and 
20 miles, 3 males (17°6 per cent.), with an average of 16°35 miles, and 2 females 
(18:2 per cent.), with an average of 12 miles. Three of these were within the Firth 
of Forth, a male anda female taken at Pettycur, to the westward, at a distance of 
134 miles, and a female, in the South Bay, off Cockenzie, at a distance of 12 miles. 
Two of the fish, both males, were caught off the mouth of the Firth, at 17 and 
183 miles. 

nu nder 20 miles.—Thus, 14 fish, or 50 per cent., were taken at distances under 
20 miles, 9 males (52°9 per cent.), with an average of 9°1 miles, and 5 females (45°4 per 
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cent.) with an average of 8°3 miles, and 12 of them were found within the Firth of 
Forth. 

20 to 50 miles—Nine, or 32°1 per cent., were recaptured between 20 and 50 
miles, 3 males (17-6 per cent.), with an average distance of 30°8 miles, and 6 females 
(54:5 per cent.) with an average of 30°7 miles. Two of the males and 4 of the 
females were found to the north and east, and 1 of the males and 2 of the females 
to the south and east. 

50 to 100 miles —Only | fish was got between these limits,a male, which went 
to the north and east, a distance of 504 miles. 

Over 100 miles—Four fish (14°3 per cent.), all males (23°5 per cent.), were 
recaptured at distances of from 1374 to 168 miles, the average being 156 miles. They 
all migrated to the northwards, 3 being taken in the Moray Firth, and | just out- 
side the limit, east of Noss Head. 

The following table shows the numbers and percentages of those which were 
caught in the Firth of Forth, and outside the Firth :— 


Inside Per Outside Per South of Per Moray Per Farther Per 


Sex. Forth. cent. Forth. cent. Kinnaird. cent. Firth. cent. N. and W. cent. 

M. 7 (wage: 5 WH. 10 58°8 6 35°3 3} 17°6 1 Safe) 

F. 5H ~45°4 6 54:5 6 ao — == — 

Wotal! 12. 42°8 16 biael 12 42°8 3 10°7 1 B15) 
MatTurRIty. 


Males.—The condition of the testes was determined in 11 of the 19 males 
recaptured. Three were “spawning,” and all were recaptured in the Moray Firth, 
1 measuring 29°5-37-2 cm., in March 1913, after 714 days, at a distance of 164 miles, 
the mean rate of movement per 10 days being 2°3 miles; another, measuring 
28°5-36 cm., in April 1913, after 742 days, at a distance of ‘1374 miles, the mean 
rate being 1°8 miles per 10 days ; and the third, of 31°5-39°2 cm., m March 1914, 
after 1082 days, at a distance of 168 miles, the mean rate being 1:5 miles per 10 
days. 

One male was “ripe”; it measured 30°5-35'4 cm., and was caught in March 
1912, after 348 days, at a position unknown. 

Three are described as “‘nearly ripe,” 1, of 35-38°9 cm., taken in December 
1911, 224 miles to the north and east ; another, of 32-35°6 cm., taken in October 
1911, 503 miles to the north and east; the third, measuring 31-35°9 cm., also 
taken in October 1911, 453 miles to the north and east. 

Females.—No female was “spawning,” but 1, of 37-40°9 cm., captured in 
February 1912, after 332 days, 244 miles to the north and east, eastwards of the 
Forth, was “ ripe.” 

None was described as “‘ nearly ripe,”’ or “ spent.” 

Four females, of adult size on recapture, were said to be “immature”; 1 was 
got in the month of June, and another in September; the third, taken in February 
1912, was “rather immature”; it measured 36-41 cm., and was caught in the 
Firth of Forth ; the fourth, taken in May 1912, west of St. Abb’s Head, measured 
32°5-39°5 em. 

None of the fish recaptured in the Forth showed signs of maturity, and all the 
recaptured fish which were under the adult size on recapture (5 males and 5 females) 
were taken in the Firth of Forth. A male, recaptured in the Firth in March, and 
thus in the spawning season, was “immature,” though it measured 36°9 cm. ; 
and a female, taken in February, in the Firth, in the spawning season, was also 
“immature,” though it measured 41 cm. 
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EXPERIMENT IV. 
25th April 1911. 


In this experiment, 52 fish were marked and liberated, viz., 16 males, 35 females, 
and 1 whose sex was not determined. The sizes of the males ranged from 29 cm. 
to 39 cm., and of the females from 29°5 to 55cm. Nine of the males and 17 females 
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were under adult size when they were liberated. The numbers liberated and 
recaptured, arranged in 5 cm. groups, are as follows :— 


cm, cm. cm. cm. cm. cm. cm. 


25-30°5 31-355 336-40°5— 41-45°5 «9 46-50°5) = 51-55'5 ~~ Total. 
F. Lib. : ‘ 2 13 9 6 2 3 30 
F. Recap. 1 8 3 2 1 = 15 
M. Lib. : : 4 9 3 — — — 16 
M:, Recap...;.. : 3 6 — — = — 9 
@ Lib. . ; o> — 1 — — ae 1 
? Recap. : SS a = = a = =] 


The fish used were trawled by the “ Goldseeker ” at Station VI. (the “ Fluke 
Hole ”’) off St. Monans, Firth of Forth, on the same day as they were marked 
and liberated. 

The number recaptured was only 24, or 46-2 per cent., viz. 9 males (56:2 per 
cent.) and 15 females (42°9 per cent.). All the 9 males were of adult size, when 
recaptured,.the range being from 36°4 to 41-4 cm., and the average 37°9 cm., as 
compared with a range of 29 to 34°5 cm., and an average of 31°2 cm., when they 
were liberated ; the periods of freedom varied trom 241 to 711 days, the mean 
beng 467 days; the distances migrated were from 18} to 218 miles, averaging 
87°6 miles, and the mean rate of movement per 10 days was 1:8 miles, Eleven 
of the females were of adult size on recapture, the average length being 43:9 cm., 
and the range from 38-4 to 48:4 cm.; on liberation, the sizes were from 32 to 
47°5 cm., with an average of 37°9 cm.; the periods of liberty varied from 108 to 
1220 days, and averaged 466 days ; the distances migrated were from 5 to 153 miles, 
the mean being 60°5 miles, and the average rate of travel, per 10 days, 1-2 miles. 
The four females, under the adult size, had an average length of 32 cm. on 
liberation and 36°3 cm. on recapture ; the periods of freedom were from 42 to 394 
days, and averaged 251 days, and the distances migrated varied from 6 to 384 
miles, and averaged 23:6 miles, while the mean rate of movement was °89 mile. 


Toe ExtTent AND DIRECTION OF MIGRATION. 


First Quarter —Only 1 fish was taken in the 3 months following liberation, a 
female in June, alter 42 days, got near Largo, in Fife, Firth of Forth, 6 
miles distant ; its size on recapture is not recorded, but it measured 35-5 cm. on 
hberation. 

Second Quarter.—Only 2 fish were taken in this quarter, both females. The 
position of recapture. of 1 is unknown; the other was taken within the Firth, near 
Burntisland, 16 miles to the west ward, in August, after 125 days ; it was an adult, 
measuring 38-42 cm. and is described as “ half-ripe.’ 

Third Quarter.—Two fishes only were recaptured in this quarter, a female in 
November, which measured 34-37:1 cm., the position of recovery being unknown, 
and a fies of 29°5-36'8 cm., which was taken in December, after 241 days, off 
Tod Head, to the north and east, at a distance of 50 miles; it was described as 
“ three-quarters-ripe.’ 

Fourth Quarter.—The number recaptured in this quarter, which embraces the 
spawning period, was larger, viz. 8 fishes. Five were caught in February 1912, 
4 males and a female. The male, measuring 32°5-36'5, was caught, alter 296 days, 
7 miles west from Strathie Point, on the north coast of Scotland, at a distance of 
218 miles, the mean rate of movement being 7-4 miles per 10 days ; it was “ nearly 
ripe.” One of the females, of 39:5-40°8 cm., was captured, ‘after 288 days, in 
the Moray Firth, 18 miles south-east of Noss Head, a distance of 153 miles ; it was 

“spawning” (“partly spent”). Another female, measuring 44°5-46 cm., was 
caught north-east of Rattray Point, at a distance of 115 miles. The other 2 females 
were taken in the Firth of Forth, noeieaee of Pittenweem, at distances of 4 and 
5 miles, after 304 and 301 days; they measured 35-38:4 cm. and 34-40°6 cm., 
and both were “‘ immature.” 
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In March 1912, a female, of 41-5-44 cm., and “ partly spent,” was taken, after 
325 days, off Buchanness, at a distance of 85 miles. 

In April, a male was captured, “nearly ripe,” and measuring 29°5-36-4 cm., 
but the place of-capture was not recorded ; and a female, of 32-34 em.; and thus 
under adult size, was taken, after 355 days, off St. Abb’s Head, 26 miles from the 
Station, “‘ immature.” 

In the 12 months after liberation, therefore, 13 fishes, or 54:2 per cent. 
of the total, were recaptured, the positions of capture being recorded for 10 
of them. Four were caught within the Firth of Forth, and the others outside the 
Firth. 

Of the remainder, 5 were recovered in 1912. A female, of 30-37-9 cm., and 
“immature,” was taken in May, after 394 days, 38 miles to the north and east ; 
in June, a male, of 32-38°8 cm., and “ half ripe,’ was caught, after 415 days, 43 
miles to the north and east ; in July, another male, of 39-37°1 cm., was taken, 
alter 437 days, off the mouth of the Forth, 18 miles distant ; in August, alter 
482 days, another male was recaptured, farther in the same direction, at a distance 
of 284 miles; in November, after 576 days, a male, whose size on liberation was 
34 cm., the size on recapture being unknown, was taken to the north-east, off 

Stonehaven, at a distance of 58 miles. 

Five fishes were caught in 1913, 3 females and 2 males. In February, 2 females 
were taken, 1, of 36-5-44-9 c.m., and “ spawning,” was got, after 666 days, 29 miles 
to the eastwards ; the other, of 34-47:2 cm., and “ ripe,” was found, after 668 days, 
to the south-east of Aberdeen, at a distance of 674 miles. A male, of 29 em., when 
liberated, the size on recapture being unknown, was caught, after 686 days, 14 miles 
off Banff, in the Moray Firth, at a distance of 1344 miles, but the condition of the 
testes was not ascertained. In April, after 711 ‘days, another male, measuring 
32-41-4 cm., was caught in the Moray Firth, farther to the west, off Buckie, the 
condition of the testes not being recorded. In August, alter 837 days, a female, 
of 35-47:1 cm., was caught 51 miles to the north and east, to the eastwards of the 
Bell Rock. 

The last fish to be recaptured was a female, which was taken in August 1914, 
after 1220 days, iar offshore, to the south-east of Aberdeen, at a distance of 77 miles ; 
it measured 32-44:2 cm., and was “ immature.” 

Distances travelled—Under 10 miles.—Three fish, or 14°3 per cent., were taken 
within 10 miles of the Station, and all were fémales (23-1 per cent.), the average 
distance being 5:1 miles; 2 were caught off Pittenweem, and 1 off Largo, in the 
Firth of Forth, the former after 301 and 304 days, and the latter after 42 
days. 

10 to 20 miles.—Two were recaptured between 10 and 20 miles, or 9:5 per cent. 
One was a male, which was taken 18 miles distant, east of the Isle of May, and 
the other, a female, which was got farther west, in the Firth of Forth, near Burnt- 
island. Thus, 5 fishes, or 23:8 per cent., were taken at distances under 20 miles, 
1 male and 4 females, only the male being got outside the Firth. 

20 to 50 miles.—Six (28-6 per cent.) were taken at distances of from 263 to 50 
miles, 3 males (37:5 per cent.) and 3 females (23-1 per cent.) ; 2 of the males and 
2 of the females went north and east, and 1 male and | female east and slightly 
south; the mean distance for the males was 40°5 miles, and for the females, 31:3 
miles. 

50 to 100 miles.—Five fish, or 23°8 per cent., were recaptured at distances of 
from 51 to 85 miles, viz. 1 male and 4 females (30°8 per cent.), the average distance 
for the latter being 70:3 miles. All migrated northwards, 4 being caught off the 
Aberdeenshire coast, and | far east of the Bell Rock. 

Over 100 miles.—Five of the fish, or 23-8 per cent., 3 males (37:5 per cent.) 
and 2 females (15-4 per cent.) were taken at distances of from 115 to 218 miles, 
the average for the males being 167-6 miles, and for the females 134:5 miles. 
Two were got in the Moray Firth, 1 just outside its boundaries, and 1 off 
Rattray Point, at the entrance to the Moray Firth, and 1 on the north coast of 
Scotland. The rates of travel of these distant fish ranged from 1:9 to 7:4 miles 
es 10 days, as contrasted with 6 to 2-6 for the fish caught between 50 and 100 
miles. 


Four fish, or 19 per cent., were recovered within the Firth of Forth, and 17, or 
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80-9 per cent., outside the Firth, 2, or 9°5 per cent., in the Moray Firth, as shown 
in the adjoining table :— 


Inside Per Outside Pet South of Per Moray Per - Farther Per 


Sex. Forth. cent. Forth. cent, Kinnaird. cent. firth. cent. N. and W. cent. 
M. == os 8 100: 5 62°5 2 25° 1 12°5 
F. 4 308 9 69°2 8 61°5 — — 1 TH 

Motaly 4." 19: 17 80°9 13 61°9 2 9°5 2 9.5 


MATURITY. 
Males.—The condition of the testes was ascertained in 6 cases. None was 


“spawning”? or “ripe.” The one taken in February 1912, on the north coast of 
Scotland, west of Strathie Point, was “nearly ripe,” as was also a male caught in 
April 1912, in an unspecified locality, east of the Isle of May ; another male, taken 
in TDecenibics 1911, off Tod Head, was “ three-quarters-ripe,” and 1 caught in 
June 1912, 43 miles to the north-east,was described as “ half-ripe.” 

Females.—The condition of the ovaries was determined in 13 of the 15 fish 
recovered. 

Three were “spawning,” or “ partly spent,” all got to the north and east, 
1 off Noss Head, in the Moray Firth, in February 1912, another in March 1912, 
near Buchanness, and the third 29 miles to the north and east, east of Fife Ness, 
in February 1913, after 666 days. 

One female was said to be “ripe”; it was caught in February 1913, after 
668 days, 67 miles to the north and east, south-east of Aberdeen. 

A female, taken in August 1911, near Burntisland, was described as “half-ripe.” 

Five females above the adult size when recaptured were described as 
“immature.” The position of capture of 1 taken in August 1911 was un- 
known, other 2 were got in August 1913 and August 1914 respectively, to 
the north-east, and 2 were recovered in February 1912, and thus in the spawning 
season, both near Pittenweem, in the Firth of Forth, 1 measuring 34-40°6 cm., 
and the other 35-38.4 cm. 

EXPERIMENT V. 


19th June 1911. 


Only 50 plaice were marked in this experiment, 21 males and 29 females. The 
males ranged in size from 28°5 cm. to 40 cm., and 9 of them were under the adult 
size (33 cm.) ; the females ranged from 29 em. to 47 em., and 16 were under the 
adult size (388 cm.). The numbers liberated and recaptured, arranged in 5-cm. 
groups, are as follows :— 


cm. cm. cm. cm. em. 
25-30°5 31-35°5 36-40°5 41-45:5 46-50°5 Total. 
Helios. : 3 7 13 5 1 29 
F. Recap. 1 5 7 2 — 15 
Metab. 3 ; 4 4 12 5 — — 21 
M. Recap. ; : 3 6 3 — — 12 


The fish were trawled by the “ Goldseeker” at Station VI., Firth of Forth 
(‘‘ Fluke Hole ’’), on the same day as they were marked and liberated. 

The number recaptured was 27, or 54 per cent., viz. 12 males (57:1 per cent.) 
and 15 females (51-7 per cent.). Eleven of the males were of adult size on recapture, 
their lengths varying from 34:5 cm. to 44:1 cm., and averaging 38°5 cm., as com- 
pared with a range of 30°5-40 em., and an average of 33°8 cm., on liberation ; their 
periods of freedom varied from 177 to 1002 days, the average being 431 days ; the 
distances migrated were from 5 to 211 miles, the mean being 87:2 miles, and the 
average rate of travel, 2°02 miles per 10 days. One male was under 33 em., when 
recaptured, and it had moved 15 miles ‘n 136 days. 

Of the females, 11 were of adult size, viz. from 38°7 to 48°4 cm., with an average 
of 42°7 em., while the sizes on liberation were from 30°5 to 45 cm., the mean being 
37°4 cm. - they were at liberty for from 34 to 1250 days, the average being 43 days ; 


55 


the distances migrated were from 43 to 90 miles, the average being 44°3 miles, and 
the mean rate of movement 1-04 miles per 10 days. 

Four of the females were under the adult size, the average being 36:1 em., 
compared with 33°6 cm. on liberation ; the average period of freedom was 166 days ; 
the distances migrated ranged from 43 to 113 miles, the mean being 46°3 miles, 
and the mean rate of movement, 2°8 miles. 


THE EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—A female, of 38-37:8 cm., was caught in June 1911, after 8 days, 
at a distance of 18 miles to the east, off the Isle of May ; another female, of 32°5-33 
em., was taken in July, off St. Monans, in the Firth of Forth, a distance of 4 miles, 
after 24 days ; in September, after 84 days, a third female, measuring 40 em. on 
liberation, and of unrecorded size on recapture, was caught by the ‘‘ Goldseeker ” 
on Station VI. (where it was originally taken). This fish was again liberated 40 
miles east of May Isle on 12th September (see page __). 

Only 3 fish, all females, were thus got in the first quarter, 2 within the Firth 
of Forth. 

Second Quarter—In November, after 136 days, a male, of 28°5-28°4 cm., was 
taken, near Newhaven, in the Firth of Forth, at a distance of 15 miles. ‘Two males 
were recaptured in December, 1, measuring 32°5-35°5 em., and “ half-ripe,” after 
177 days, 26 miles to the north and east, north-west of the Bell Rock; the second, 
of 37-40°9 cm., and “nearly ripe,” near Buchanness, 87 miles distant, after 185 
days. 

Thus, only 3 fish were recaptured in this quarter, 1 within the Firth of Forth. 

Third Quarter—In this quarter, which includes most of the spawning season, 
9 marked plaice were recaptured. In January 1912, 2 females were taken, 1, of 
34-38°9 cm., and ‘‘ rather immature,” at Aberdeen Bank, 63 miles distant, after 
219 days; the other, of 35°5-38°7 cm., was “spawning” (“ partly spent’), and 
was caught, after 225 days, near Buchanness, at a distance of 90 miles. 

Two females were also recaptured in February, 1 of 40°5-42°3 cm., and “ partly 
spent,” to the east of the Isle of May, at a distance of 18 miles ; the other, measuring 
45 cm. on liberation, somewhat farther to the north, at a distance of 25 miles, after 
245 days ; its size on recapture and the condition of the ovaries were not recorded. 

Five were taken in March, a male anda female, off Pittenweem, 5 miles distant, 
after 274 days and 260 days, respectively ; the male, measuring 34°5-38°2 cm., 
is described as “‘immature”’; the female measured 37°5-41:2 em., and was also 
“immature.” Two males were recaptured near Buchanness, at distances of 88 
and 85 miles, after 257 and 265 days ; they measured 31°5-37'4 cm., and 40-44'1 em. 
respectively, and both were “ripe.” Another male was taken, after 272 days, 
at a distance of 211 miles, off Strathie Point, on the north coast of Scotland ; it 
also was “ ripe.” 

In this quarter, all the 9 fish went to the north ahd east, for an average distance 
of 66 miles, but 2 of them were taken in the Firth of Forth. 

Fourth Quarter —Three were recovered in April, all to the north and east. A 
female, of 32°5-37°2 cm., and “‘immature,”’ was found, after 301 days, off Tod Head, 
at a distance of 50 miles ; another female, of 42-43°6 cm., and “ ripe,”’ was taken, 
after 302 days, to the north of Aberdeen Bank, at a distance of 78 miles ; a male, of 
36-38°4 cm., and “spent,” was got, after 305 days, at a distance of 67 miles, in 
the same direction. 

In May 1912, after 331 days, a female, of 31°5-36°3 cm., and “‘ immature,”’ was 
taken to the north-east of Rattray Point, at a distance of 113 miles. None was 
taken in June. 

Four fish, therefore, were recovered in this quarter, and all had gone to the 
north and east, for an average distance of 77 miles. j 

In the 12 months following liberation, 19 of the fishes, or 70°4 per cent., were 
recaptured, viz. 8 males (66°7 per cent.) and 11 females (73°3 per cent.). Seventeen 
(89°5 per cent.) travelled to the north and east, and | each (5:2 per cent.) to the south 
and east, and south and west. 

Of the remainder, 3 were taken in 1912, 3 in 1913, and 2 in 1914. Two were 
found in July 1912, a male and a female, and both in the Moray Firth ; the male, 
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which measured 33-36°6 cm., and is described as “immature,” was got off Clyth 
Ness, at a distance of 154 miles, after 380 days, the mean rate of travel being 4°06 
miles per 10 days ; the female, of 40°5-47 cm., was captured, after 387 days, by a 
foreign trawler, and landed at Ostend ; the condition of the ovaries, and the exact 
locality where it was taken, were not recorded. 

A male was got in June 1913; it measured 31-34 cm., was described as “im- 
mature,” and was recaptured, after 730 days, off Banff, in the Moray Firth. In 
November, alter 892 days, a male, measuring 33-39°8 cm., was taken off Aberdeen, 
at a distance of 72 miles to the north and east ; it was “nearly 1ipe.” In December, 
a female was recaptured 18 miles away, near Bell Rock ; it measured 39-48°4 cm., 
was “ripe,” and had gone at a mean rate per 10 days of ‘2 mile. 

In March 1914, a male, of 30°5-42°9 cm., and “ spawning,” was recaptured near 
the Bell Rock, a distance of 29 miles, after 1002 days, the mean rate of migration 
being ‘3 mile. The last fish, from this experiment, to be taken was a female, 
30°5-43°5 cm. ; it was got, after 1250 days, off Aberdeen, at a distance of 60 miles 
from the station ; it was described as “fully half-ripe,” and had moved at an 
average rate of ‘5 mile per 10 days. 

Distances travelled—Under 10 miles—Four of the marked plaice, or 15°4 per 
cent., were found within a distance of 10 miles from the station, viz. 1 male, and 
3 females (21:4 per cent.). They were all taken within the Firth of Forth, 2 off 
Pittenweem, and 2 off St. Monans. 

10 to 20 miles.—Four were recaptured at distances of from 15 to 18°5 miles, 
the average being 17°4 miles, viz. 1 male and 3 females (21-4 per cent.). The male 
was taken within the Firth, on the south shore, near Newhaven ; the females were 
all got to the eastwards, off the Isle of May. Eight of the fish, or 30°8 per cent., 
were thus recaptured within 20 miles of the station, 2 males, with an average dis- 
tance of 10 miles, and 6 females, with an average distance of 11°4 miles. 

20 to 50 miles.—Four fish, or 15:4 per cent., were recovered at distances of from 
25 to 50 miles, with an average of 33 miles, all to the north and east. A male, after 
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177 days, was found 26 miles off, near the Bell Rock, and another, after 1002 days, 


in the same direction, a little farther to the east, at a distance of 29 miles. Of 2 
females, 1 was found near the same position as the last, at a distance of 25 miles, 
after 245 days, and the other, after 301 days, near Tod Head, at a distance of 50 
miles. 

50 to 100 miles.—Ten of the fish, or 38°5 per cent., were got at distances of from 
60 to 90 miles, viz. 5 males, with an average of 80 miles, and 5 females, with an 
average of 74°5 miles. All were taken to the north and east. Three of the males 
were found close together, off Buchanness, at distances of 85 and 88 miles; the 
other 2 males went a little farther south, being taken at distances of 67 and 72 miles. 
One of the females was recaptured off Buchanness, in the same locality as the males, 
at a distance of 90 miles; 3 were taken off the coast of Aberdeen, farther south, 
at distances of 60, 63, and 78 miles, and the remaining female was caught far off- 
shore, to the south-east of Aberdeen, at a distance of 80 miles. 

Over 100 miles.—Four fish, or 15°4 per cent., were got at distances of from 113 
to 211 miles, all to the northwards, viz. 3 males and 1 female. The female was 


taken north-east of Buchanness, in deepish water, at a distance of 113 miles. Two- 


of the males were taken in the Moray Firth, at distances of 134 and 154 miles ; 
the other was recaptured off Strathie Point, on the north coast of Scotland, at a 
distance of 211 miles. 

Of all the fish recaptured, 5, or 18-5 per cent., were got in the Firth of Forth, 
3 females and 2 males, and 22, or 81:5 per cent., outside the Firth, 10 males and 12 
females. ‘Two were caught in the Moray Firth, and 2 farther to the north or north 
and west. 


MATURITY. 


Males.—The condition of the reproductive organs was ascertained in all the 
12 males and in 11 of the 15 females recaptured. One male, of 30°5-42:9 cm., was 
found to be “spawning”; it was taken in March 1914, after 1002 days, 29 miles 
to the north and east. 

Three were “ripe,” all taken to the north and east, in March 1912, 1, of 30-5- 
36:1 cm., off the north coast of Scotland, at a distance of 211 miles; 1, of 31-5-37-4 
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em., near Buchanness, at a distance of 88 miles ; and the third, in the same locality, 
at a distance of 85 miles. 

Two were “nearly ripe,” | of 37-409 cm., taken in December 1911, after 185 
days, near Buchanness, where those above referred to were caught, at a distance of 
87 miles; and the other, in November 1913, after 892 days, a little farther to the 
south, at a distance of 72 miles. 

One male, of 36-38-4 cm., recaptured in April 1912, after 305 days, to the north 
and east, off Stonehaven, was described as “ spent.” 

Another, of 32°5-35:5 em., taken in December 1911, 26 miles to the north and 
east, near the Bell Rock, was “ fully half-ripe.” 

Three of the adult males were ““immature’”’; 1 was taken in June and another 
in July, in the Moray Firth, but the third was caught in March 1912, and thus within 
the spawning season, within the Firth of Forth, at Pittenweem ; it measured 34:5- 
38-2 cm. 

Females-—Two of the females were “spawning”; 1 was caught in January 
1912, after 225 days, near Buchanness, at a distance of 90 miles ; it measured 35-5- 
38°7 cm.; the other was taken in February 1912, after 235 days, east of the Isle 
of May, at a distance of 18 miles ; it measured 40°5-42°3 cm. 

Two were described as “ ripe,” one taken east of Aberdeen, offshore, at a distance 
of 78 miles, in April 1912, after 302 days; it measured 42-43°6 cm.; the other 
was found to the north and east of May Isle, at a distance of 18 miles, in December 
1913, after 915 days, and it measured 39-48'5cm. A female, measuring 30°5-43°5 
em., and taken in November 1914, after 1250 days, south-east of Aberdeen, at a 
d‘stance of 60 miles, was described as “ half-ripe.” 

Among the “immature” females was 1, of 37:5-41:2 em., taken in March 
1912, after 260 days, near Pittenweem, in the Firth of Forth, and 1, of 34-38°9 
em., caught in January 1912, after 219 days, 63 miles to the north and east, south- 
east of Aberdeen. 

Of the females under the adult size on recapture was 1 of 32°5-37-2 cm., taken 
50 miles distant, off Tod Head, to the north and east, in April 1912, and 1, of 31-5- 
36°3 cm., caught in May 1912, north and east of Buchanness, at a distance of 113 
miles. 
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EXPERIMENT VI. 
Tth September 1911. 


In this experiment, 70 fish were marked and liberated, consisting of 27 males, 
23 females, and 20 whose sexes were not determined. The males ranged in size from 
22°5 to 37°5 cm., and 9 were under the adult size ; the sizes of the females were from 
24-5 to 65°5 cm., and 21 were under the adult size ; the sizes of those whose sexes 
were not determined on liberation ranged from 25 to 44:5 cm.; of this lot, 16 were 
abe and the sex was found recorded for 10 of them, 3 being males and 7 
emales. 

The total number of fishes recaptured was 37, or 52°8 per cent. ; of the males 
recorded on liberation, 17, or 62-9 per cent., were recaptured ; of the females recorded 
on liberation, 14, or 58-3 per cent., were recaptured ; and the number recaptured 
of those whose sexes were not determined on liberation was 6, or 31:6 per cent. 
In this experiment, therefore, the information in regard to the sexes is limited. 

The fish were taken by trawl by the “ Goldseeker”” in Kirkcaldy Bay, Firth 
of Forth, at 1-40 p.m. on the 6th September; they were marked and placed in 
tanks of running water until 8:30 a.m. on the 7th, when they were set free. 

Of the 17 males recaptured 14 were of adult size, viz. from 33:6 to 40-7 cm., the 
average being 37-4 cm., compared with a range of from 22°5 to 37 cm., and an average 
of 33-1 cm. on liberation ; their periods of freedom varied from 110 to 1604 days, 
the mean being 457 days; they travelled distances of from 24 to 213 miles, the 
average being 70 miles, and the mean rate of movement, 1:4 miles per 10 days. 
Three of the males were under adult size, the average being 27-2 cm., which was also 
the average on liberation; they had been at liberty for from 7 to 181 days, 
and migrated an average distance of 10 miles, with’a mean rate of -86 mile per 10 
days. Hight of the 14 females were of adult size, ranging from 39 to 44-2 cm., the 
mean being 40°9 cm., compared with 28 to 40 cm. and an average of 35°3 cm. on 
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iiberation ; the periods of freedom were from 167 to 1682 days, the average being 
555 days ; the distances migrated were from 5 to 137 miles, the average being 49-7 
miles, and the mean rate of movement per LO days ‘89 mile. Six were immature, 
the sizes ranging from 25°6 to 37-7 cm., the average being 31:9 cm., compared with 
24:5 to 37 cm., and a mean of 29-2 cm. on liberation ; the : average period of freedom 
was 239 days., the distances travelled being from 5 to 29 miles, averaging 13 miles, 
and the mean rate of travel per 10 days was ‘56 mile. 


THe Extent AnD DirEcTION oF MIGRATION. 


First Quarter.—In September, after 7 days, a male, of 28:5 to 28 cm., was taken 
near Kirkealdy, in the Firth of Forth, at a distance of 11$ miles, and in October, 
alter 34 days, | of undetermined sex, measuring 29-5 to 28 cim., was caught in the 
same Apion boutheod, off Dysart, at a distance of 94 miles. These were the only 
fish recovered within the first three months after liberation, and they -were found 
near where they were originally caught. 

Second Quarter.—l'wo were recaptured in December 1911, a female of 28-5- 
28-2 em., off Largo, in the Firth of Forth, at a distance of 64 miles, after 92 days, and 
a male, measuring 35-36 cm., after 110 days, to the north-east of Tod Head, at a 
distance of 56 miles; it is described as “ very immature.” ‘Two were caught i in 
February 1912, a female of 37-39 cm., and “‘immature,” off Pittenweem, at a dis- 
tance of 5 miles, after 167 days, and the male, of 35-35°3 cm., and “ fully half-ripe,” 
after 158 days, near Buchanness, at a distance, to the northwards, of 78 miles. 

Only 4 fishes were, therefore, recaptured in the second quarter, 2 in the Firth of 
Worth, and 2 at a considerable distance northwards, along the coast. 

Third Quarter.—In March 1912, 2 females were taken, 1, of 37-37-7 em., and 
“immature,” after 179 days, near Largo, in the Firth of Forth, at a distance of 53 
miles, and the other, of 25°5-26 cim., a little farther to the west, off Leven, at a dis- 
tance of 9 miles, after 191 days. Three males were also got in March, all within the 
Firth of Forth, 1, of 26-26°5 cm., alter 179 days, in Largo Bay, a distance of 54 
miles ; another, of 23 cm. on liberation, but of unknown size on recapture, after 
181 days, on the south shore of the Firth, at a distance of 14 miles; the third, 
after 183 days, was taken near Elie, 24 miles distant ; it measured 34- 35.59 CM., 
and was “immature.” Another fish of undetermined sex, measuring 25-28 cm., 
was recaptured, alter 190 days, near Kirkcaldy, at a distance of 11 miles. In April, 
a female was found, after 214 days, far up the Firth of Forth, at Bo’ness, a distance 
of 29 miles; it measured 24:5-25:°6 cm., and was “immature”; a male, of 32:5- 
33°6 cm., also “immature,” was caught, after 212 days, near Bell Rock, at a 
distance of 27 miles. In May, a female, of 36:-5-39-9 cm., and ‘“‘ immature,” was 
recaptured after 256 days, 43 miles to the north and east. 

In this quarter, 9 fishes, or 24:3 per cent., were found, 7 within the Firth of 
Forth. 

Fourth Quarter.—Two females were taken in June, 1 after 281 days, off Tod 
Head, to the north and east, at a distance of 58 miles; it measured 35-39°8 em. 
The other was caught to the south and east, 35 miles N. E. by E. of Scarborough 
(Lat. 54° 43’ N., Long. 0° 15’ E.), 137 miles distant, after 295 days; it measured 
40-40-7 cm. ; ihe condhaon of the ovaries was not Become d ; the mean rate of 
movement in this case was 4°6 miles per 10 days. Two males were recovered in 
August 1912, 1, 24 miles to the south and east, off the Isle of May, after 330 days ; 
it measured 34-5-39-2 cm., and was “immature.” The other, measuring 37-40°5 
cm., was caught, alter 356 days, 4 miles north-east from Noup Head, Orkney 
Isles, at a distance of 213 miles. 

Within 12 months after liberation, 19 fishes, or 51°3 per cent., were recaptured, 
of which the unusually high number of 12, or 63:1 per cent. of them, were taken 
within the Firth of Forth. 

Three fish were found in the remainder of 1912, 2 in September, and 1 in October. 
A female, of 30°5-37°5 cm., was caught in September, after 370 days, 24 miles to 
the north and east, and a male in the same locality, after 371 days, at a distance 
of 21 miles; it measured 35-39°5 cm. In October, after 393 days, a female, 
measuring 29-36°5 cm., was got near Crail, in the Firth of Forth, at a distance of 
8 miles. 
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Of the remaining 14 fish, 11 were taken in 1913, 1 in 1914, and 2 in 1916. A 
male, of 34-40°7 cm., and “ nearly ripe,” was caught in January, after 508 days, 
at Aberdeen Bank, south-east of Aberdeen, at a distance of 72 miles. Two were 
caught close together in February, after 527 days, at Aberdeen Bank, at distances 
of 66 and 67 miles. One was a male, measuring 34—36°2 cm., and it was “ripe.” 
In the other, the sex was not determined, but, as it measured 33°5-37°9 em., and 
was “spawning,” it was probably a female. Three were recaptured in March, a 
female of 37-5-44-1 em., and “immature,” after 551 days, to the east of May Isle, 
at a distance of 24 miles ; another female, of 33°5-39°9 em., and also ‘‘ immature,” 
was taken, after 571 days, at Aberdeen Bank, at a distance of 62 miles; and a 
male, of 32°5-36'4 cm., not far from it, at a distance of 65 miles, after 567 days ; 
the condition of the testes was not recorded. A male, measuring 31-36°8 em., 
was caught in April 1913, after 592 days, off Largo, in the Firth of Forth ; it was 
“immature.” One of unknown sex was recaptured in May 1913, after 623 days, 
close to Buchanness, at a distance of 92 miles ; it measured 33°5-41°2 cm., and was 
“immature.” In June, a female, of 35-39'7 cm., and “spent,” was taken, after 
637 days. 15 miles to the east of the Bass Rock, and another, whose sex was un- 
known, of 30°5-39°5 cm., was taken by the “‘ Goldseeker,” after 658 days, in the 
Firth of Forth. In October, after 764 days, one of unknown sex was got almost 
directly east, offshore, at a distance of 67 miles ; it was “immature.” 

In February 1914, a male measuring 34-39 cm., was taken 1224 miles to the 
south-east of Whitby after 883 days ; 1t was described as ‘‘ mature.” 

The two remaining fishes were recovered in 1916, 1, a male, in January, measur- 
ing 22°5-37'7 cm., and “spawning,” was recaptured 21 miles off Flamborough 
Head, at a distance of 161 miles, after 1604 days. In April, a female, measuring 
28-442 cm., and described as “spent,” was taken, after 1682 days, 51 miles to 
the eastward, ofishore. 

Distances travelled—10 miles and under.—Nine fish, or 25°7 per cent., were 
recaptured at distances of from 2} to 9} miles, the average being 6°8 miles, viz. 
3 males (18°7 per cent.), with a mean distance of 43 miles, 5 females (35°7 per cent.), 
with an average of 6°8 miles, and 1 of unknown sex, which travelled 93 miles. They 
were all found within the Firth of Forth, 4 off Largo, 1 off Hlie, 1 off Leven, 1 off 
Pittenweem, and 1 off Crail, and 1 off Dysart. 

10 to 20 miles.—Four, or 11°4 per cent., were recaptured at distances between 
11 and 153 miles, viz. 2 males (12°5 per cent.), with an average of 13 miles, 1 female, 
153 miles, and 1 of undertermined sex, 11 miles. Three were taken within the 
Firth of Forth, 2 near Kirkcaldy, and 1 off Portobello. The female had moved 
to the south and east, east of the Bass Rock. 

The number recaptured at distances under 20 miles was, therefore, 13, or 
37°1 per cent., viz. 5 males (39°5 per cent.), with an average of 8 miles, 6 females 
(42°8 per cent.), with a mean of 7-9 miles, and 2 of undistinguished sex, with an 
average of 10 miles. Ten were got within the Firth of Forth, and 3 outside it. 

20 to 50 miles.—Seven of the plaice, or 20 per cent., were recovered at distances 
of from 24:5 to 43:5 miles, viz. 3 males (18°7 per cent.), with an average of 24-1 miles, 
and 4 females (28°6 per cent.), with an average of 30°3 miles. One of the females 
was taken 29 miles to the westwards, at Bo’ness, in the Firth of Forth ; another 
female was recaptured 244 miles to the south and east ; 1 of the males was got also 
24 miles to the south and east ; all the other fish were caught to the north and 
east. 

50 to 100 miles.—Eleven, or 31:4 per cent., were taken at distances of from 51 
to 92 miles, viz. 5 males (31:25 per cent.), with an average of 68 miles, 3 females 
(21-4 per cent.), with an average of 57°3 miles, and 3 of unknown sex, with an 
average distance of 75 miles. One female had gone directly east, a distance of 
51 miles ; all the others were got to the north and east, 5 at Aberdeen Bank and 
vicinity, at distances of from 58 to 72 miles; 1 was taken to the north of Tod 
Head, and 2—a male and 1 of unknown sex—close to Buchanness, at distances of 
78 and 92 miles respectively. One of unknown sex was taken at Aberdeen Bank, 
at a distance of 66 miles, and another almost directly east (N. 88° E.) offshore, at 
a distance of 67 miles. 

Over 100 miles.—Four fish, or 11:4 per cent., were got at distances of from 122 
to 213 miles, namely, 3 males (18°7 per cent.), with an average of 165°6 miles, and 
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1 female. One of the males was got on the north coast of Scotland, at a distance 
of 213 miles. The other three fishes, 2 males and a female, were all got to the 
south and east, the female off Scarborough, 137 miles distant, 1 of the males off 
Whitby, at a distance of 122 miles, and the other male 21 miles east of Flamborough 
Head. The mean rates of movement of the 3 males were respectively 6, 1°38, and 
1 mile per 10 days. Fourteen of the fishes, or 40 per cent., were taken within 
the Firth of Forth, namely, 5 males (31:25 per cent.), 7 females (50 per cent.), and 
2 of unknown sex (40 per cent.). All the other fish were got to the south of Kinnaird 
Head, except the male, which was taken on the north coast of Scotland. 


Maturity. 


Males.—The only male, which was “ spawning ” on recapture, was the one taken 
in January 1916, off Flamborough Head. 

Two were described as “ ripe,” the one found off Whitby in February 1914, at 
a distance of 122 miles, and the other in February 1913, on Aberdeen Bank. 

One was “nearly ripe”; it also was captured on Aberdeen Bank im January 
1913. 

A male, caught in February 1912, near Buchanness, and measuring 35-35°3 em., 
was described as “ fully half ripe.” 

Among those of adult size whose testes were “immature,” 3 were taken within 
the spawning season, 1 in March 1912, and measuzing 34-35°3 cm., at Elie, in the 
Firth of Forth ; another, measuring 31-36°8 cm., in April 1913, at Largo, in the 
Furth of Forth ; the third, caught in April 1912, to the north-east, off the Bell 
Rock, measured 32°5-33°6 cm. 

Females——No female was “spawning” or “ripe,” or “nearly ripe.” Two 
were described as “spent,” 1, of 35-39°7 cm., taken in June 1913, to the east of 
the Bass Rock, at a distance of 15 miles ; the other, of 28-44-2 cm., in April 1916, 
at 51 miles almost directly east, in the offshore waters. Among those described 
as “immature,” was 1 of 37-39 cm., taken in February 1912, off Pittenweem, in 
the Firth of Forth ; it was “rather immature”; 1, of 37°5-44°1 cm., caught in 
March 1913, 24 miles to the north and east; 1, of 35°5-39°9 em., taken in March 
1913, at Aberdeen Bank, and 1, of 36°5-39°9 cm., caught in May 1912, 43 miles 
to the north and east. Among those under adult size on recapture, 3 were taken 
within the limits of the spawning season, 1, of 37-377 em., in March 1912, near 
Largo, in the Firth of Forth; another, of 25°5-26 cm., also in March 1912, off 
Leven, in the Firth of Forth ; 1 in April 1912, to the westwards, near Bo’ness, in 
the Firth of Forth. One fish whose sex is not recorded, measuring 33°5-37°9 cm., 
was taken in February 1913 on Aberdeen Bank. 
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EXPERIMENT VII. 
6th March 1912. 


In this experiment, 100 fishes were hberated, 27 males, 70 females, and 3 whose 
sexes were not ascertained. The sizes of the males ranged from 26 to 38°5 cm, 
and of the females, from 29 to 59'5cem. Eleven of the males and 36 of the females 
were under the adult size when they were liberated. 

The numbers liberated and recaptured are shown on the table below, arranged 
in D-cm. groups :— 

Cin cm. cm. cm. cm. ci. cm. 
25-80°5 31-35°5 36-40°5 41-45°5 46-50°5 51-55:°5 56-60°5 Total. 


¥. Lib. ‘ : 6 17 30 12 1 1 3 70 
F. Recap. . : 4 10 22 7 -— — 2 45 
M. Lib. < : 6 15 6 — — — — 27 
M. Recap. . f 6 10 5 — o-- — — 21 
? Lib. . , eae 1 2 _ — — — 3 
? Recap... ata = = — — — — — 


The fish were trawled by the “ Goldseeker,” at Station VI., m the Firth of 
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Forth (off St. Monans), on the 6th March ; they were marked between 3-25 and 
4-15 p.m., and liberated at 6 p.m. on the same day, all being in good condition. 

The number recaptured was 66, or 66 per cent., viz. 21 males, or 77:8 per cent., 
and 45 females, or 64:3 per cent. 

Twenty of the males were of adult size when recaptured, the sizes ranging from 
34 to 43-8 cm., and averaging 37-7 cm., as compared with a range of 29°5 to 38:5 cm., 
and an average of 33:4 cm. on liberation ; the periods of freedom varied from 39 
to 743 days, the mean being 343 days; the distances migrated were from 4 to 195 
miles, the mean being 69-9 miles, and the average rate of movement, 2-1 miles per 
10 days. 

Of the females, 34 were of adult size, viz. from 38°3 to 54:1 cm., the mean being 
43-4 cm., compared with a range of from 30 to 59:5 em. on liberation (but the size 
of the largest fish was not recorded on recapture); the periods of liberty were 
from 12 to 1120 days, the average being 405 days; the distances migrated varied 
from 43 to 174 miles, and averaged 63-9 miles, and the mean rate of travel, per 10 
days, was 1:7 miles. Eleven of the females were under adult size on recapture, 
viz. from 30:1 to 37:8 cm., averaging 34:6 cm., while, on liberation, the range was 
from 30 to 37:5 cm., averaging 33:2 cm.; they were at liberty for from 2 to 748 
days, the mean being 148 days; the distances migrated were from 23 to 85 miles, 
the average being 24:4 miles, and the mean rate of movement, per 10 days, 1°6 
miles. 


THE EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—Six of the fishes, 5 females and a male, were recaptured in March. 
Four were taken in the Firth of Forth, all on the north coast, the male, after 7 days, 
off Methil, a distance of 7 miles ; it measured 26-25:5 cm., and was ‘“‘ immature ” ; 
a female, of 30-30-1 cm., was taken, after 9 days, off Buckhaven, at a distance of 
83 miles ; another, of 33-5-33°8 cm., after 8 days, off Pittenweem, a distance of 5 
miles ; another, of 37-5-37-5 cm., after 2 days, off St. Monans; a distance of 44 
miles. A female, of 37-36-7 cm., was taken north-east of the Isle of May, at a 
distance of 18 miles, after 9 days, “immature.” Another female, of 38°5-38°6 cm., 
and described as “spent,” was recaptured, alter 12 days, by a steam-trawler, the 
position being given as “outside Granton Harbour ” ; as trawling is prohibited in 
the Firth of Forth, there is little doubt that this fish was caught outside the Isle of 
May. 

In April, 6 fishes were recaptured, 5 females, and a male. All the females were 
taken within the Firth of Forth. One, measuring 43-5 cm. when liberated, but of 
unknown size when taken, was caught, after 48 days, off St. Monans, a distance of 
41 miles; the condition of the ovaries was not ascertained ; another female, of 
33°5-34°3 cm., and “‘immature,” was taken off Pittenweem, at a distance of 5 miles, 
after 28 days; a third, of 56 cm. when liberated, was captured after 34 days, off 
Buckhaven, at a distance of 5 miles, the size on recapture and the condition of the 
ovaries not being recorded; the fourth female, measuring 39-5-39-8 cm., and 
“immature,” was caught, after 28 days, off Pittenweem, at a distance of 5 miles ; 
the fifth, of 35-35-7 cm., and “immature,” was recovered 45 days later off Elie, at a 
distance of 24 miles; the male, which measured 36-36-5 cm., and is described as 
“immature,” was taken, after 39 days, ofishore, to the south-east of Aberdeen, at 
a distance of 71 miles. 

Four fishes were recaptured in May, 2 females and 2 males. One of the males, 
measuring 34:5-35-6 cm., and “immature,” was taken, after 83 days, near Tod 
Head, at a distance of 52 miles; the other, measuring 35-34:7 cm., and described 
as ‘“4spent,” was got, after 62 days, north and east of the Isle of May, at a distance 
of 164 miles. One of the females, measuring 38-40 cm., and said to be “ spent,” 
was recaptured, after 68 days, to the east of the Isle of May, at a distance of 24 miles. 
The other female, of 33-33.6 cm., and “immature,” was caught, after 70 days, 
near Kinghorn, 12 miles to the westward. 

Thus, in this quarter, 16 fishes, or 24-2 per cent., were recaptured, the position 
of capture being ascertained for all but one, namely, the one referred to above as 
being caught “outside Granton Harbour.” Of the 16, 10 were taken within the 
Firth of Forth. 

Second Quarter.—In June, 2 females and 1 male were taken, the emal, measuring 
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34-37°5 cm., after 107 days, at Aberdeen Bank, a distance of 72 miles. One of the 
females, of 31-32°7 em., was taken, after 106 days, to the north of the Bell Rock, 
at a distance of 29 miles ; the other, measuring 36:5-39-°5 cm., was recaptured, after 
107 days, to the east of the Isle of May, at a distance of 19 miles. 

Three females and 1 male were recovered in July. The male, measuring 34-37:8 
cm., was taken, after 138 days, to the north-east of the Isle of May, at a distance of 
16 miles. One of the females, measuring 38°5-40 cm., was caught, after 119 days, 
19 miles to the north-east. Another female, of 37-39°3 cm., was got, after 120 
days, to the north of the Bell Rock, at a distance of 31 miles. A third female, of 
42-5-44°3 cm., was taken, after 145 days, nearly at the same place, 29 miles distant. 

None was recaptured in August, and therefore, in the second quarter, only 7 
fishes, or 10°6 per cent., were got, of which none was taken in the Firth of Forth, 
all being recaptured to the north and east. 

Third Quarter.—In September, a female, of 37:-5-43-6 cm., was found, after 
194 days, 51 miles to the north-east, in the offshore waters. 

In October, another female, of 30-5-34:5 cm., was taken near the Bell Rock, at 
a distance of 23 miles, after 237 days. 

In November, a male, of 34:5-36-7 cm., was recaptured, after 241 days, near 
Aberdeen Bay, at a distance of 71 miles. 

Only 3 fishes were thus recaptured in the third quarter, all to the north and east. 

Fourth Quarter —In December 1912, 3 males and 1 female were caught. The 
female, measuring 59-5 cm. on liberation, was recaptured in the Moray Firth off 
Whitehills, near Banff, at a distance of 137 miles, after 292 days ; its size on recap- 
ture and the condition of its ovaries were not recorded. One of the males, of 
29-5-34 cm., was taken, after 274 days, at Station VI., Firth of Forth, the place 
where it was originally captured ; another male, of 29:5-35-5 cm., was got, after 
299 days, to the east of the Isle of May, at a distance of 24 miles; the third male, 
whose size on liberation was 32°5 cm., but the size on recapture and the condition 
of the testes were not recorded, was recaptured, after 274 days, in the offshore 
waters, at a distance of 56 miles to the south and east. 

In January 1913, 2 females were recaptured ; 1, measuring 41:5-44°3 cm., and 
described as “spent,” after 327 days, was taken off Buchanness, at a distance of 
91 miles; the other female, of 35:-5-41:3 cm., was recaptured, after 307 days, in 
the Moray Firth, off Noss Head, at a distance of 166 miles; it was described as 
“immature.” 

Seven were got in February, 2 malesand 5 females. One of the males, measuring 
32°5-35 cm., and “ spawning,” was recaptured, after 357 days, at Aberdeen Bank, 
at a distance of 72 miles; the other male, of 30-5-36-°6 cm., and “ spawning ”’ 
(“‘ partly spent ”) was taken, after 352 days, in the same direction, at’a distance of 
62 miles. One female was taken in the Wirth of Forth, off St. Monans, at a distance 
of 41 miles, after 357 days; it measured 41:5-45-6 cm., and was “spent.” The 
other 4 females were caught off the coast of Aberdeen, 1 measuring 34-39°9 cm., 
and “immature,” after 358 days, near Buchanness, at a distance of 89 miles; the 
other 3 were got close together, at Aberdeen Bank, at distances of 72, 73, and 72 
miles after respectively 353, 359, and 357 days; they measured 40-5-46-2 cm., 
39-5-47°7 cm., and 36-42°3 cm.; the last-named fish was “ spawning,” and the 
first 2 were “‘ spent.” 

Thirteen fishes, or 19-7 per cent., were, therefore, recaptured in the fourth 
quarter ; 2 were got in the Firth of Forth, and all the others to the north and east, 
except | which was found to the south and east. 

Thus, in the first 12 months after liberation, 39 of the fishes were recaptured, 
or 59-1 per cent., the position of recapture of 37 being known ; twelve were taken 
in the Firth of Forth. 

Of the remainder, 18 were got in the remaining months of 1913. In March, 
2 males and a female were taken, all to the north; the female, which measurea 30°5 
em. on liberation, the size on recapture not being recorded, was “immature ” ; 
it was caught, alter 363 days, off Buchanness, at a distance of 85 miles; one of the 
males, of 35-5-42 cm., was taken, after 374 days, to the east of the Orkney Isles, 
at a distance of 173 miles; the condition of the testes was not recorded ; the other 
male, measuring 36°5-39°3 cm., and “‘spawning,”’ was recaptured, after 385 days, 
farther to the northwards, off Start Point, Orkney Isles, at a distance of 195 miles 
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In April, a male and a female were recaptured, both in the Moray Firth. The 
male, which measured 36 cm. on liberation, but whose size on recapture and the 
condition of the testes were not recorded, was caught, after 393 days, off Noss 
Head, at a distance of 156 miles ; the female, of 41-44°2 cm., and “ spawning,” was 
recaptured, after 392 days, off Tarbet Ness, at a distance of 174 miles ; the mean 
rates of movement in these cases were respectively 3:9 and 4°43 miles per 10 days. 

In May, 3 females and | male were recaptured, the male, after 433 days, E.N.E. 
of May Isle, ata distance of 35 miles ; it measured 38°5-43°8 cm., and was ‘‘spent.”’ 
The females were taken in the vicinity of Buchanness, after intervals of 435, 442, 
and 444 days, at distances of 77, 90, and 99 miles; they measured respectively 
36-42°6 cm., and “immature,”’ 33-39°7 cm., and “spent,” and 40-45°6 cm., the 
condition of the ovaries not being recorded for this last-named fish. 

Two females were got in June. One, measuring 36-41°2 cm., and “im- 
mature,” was caught, after 463 days, near the Bell Rock, at a distance of 26 miles ; 
the other, which measured 39°5-45 cm., was recaptured, after 471 days, close to Noss 
Head, ‘n the Moray Firth, at a distance of 171 miles, its state of maturity not being 
recorded. 

A male and a female were recaptured in July; the male was caught in the 
Moray Firth, but the precise locality was not stated, while the female, which 
measured 30-38°3 cm., and was “‘ immature,” was taken, after 489 days, to the east 
of the Bass Rock, at a distance of 15 miles. 

In August, a female, which measured 44—48°2 cm., was taken, after 532 days, 
ofishore, to the south-east of Buchannegs, at a distance of 101 miles. . 

In September, a male, of 36-42°4 cm., was recaptured, after 562 days, to the east 
of Clyth Ness, in the Moray Firth, at a distance of 150 miles. 

Another male was taken in October, after 579 days, to the east of the Isle of 
May, at a distance of 23 miles ; it measured 33°5-40°:2 cm. 

A female was caught in November, after 618 days, near Buchanness, at a distance 
of 80 miles ; it measured 39-46:4 cm., and was “ three-quarters ripe.” 

The last fish to be taken in 1913 was a male, of 31°5-39°9. cm., and “ nearly 
Tipe” ; it was recaptured in December, after 659 days, in the neighbourhood of the 
Bell Rock, at a distance of 18 miles. 

Hight of the marked plaice were taken in 1914. A female was taken in February 
after 721 days, in the Moray Firth, in an unspecified position ; it measured 36-44 
em., and the condition of the ovaries was not recorded. 

Three females and 1 male were recaptured in March. One of the females, 
which measured 37:5-48°7 cm., and was “‘ spent,” was taken, after 751 days, to the 
east of the Isle of May, at a distance of 33 miles ; another female, of 31-37-8 cm., 
and said to be “spent,” was caught, after 748 days, at Aberdeen Bank, at a distance 
of 76 miles ; the third female, of 39-45°5 cm., and “‘ spawning,” was taken, after 
728 days, off Whitehills, Banff, in the Moray Firth, at a distance of 137 miles ; the 
male, which measured 30°5-36'4 cm., and was “spawning,” was captured to the 
south-east of Aberdeen, at a distance of 58 miles. 

In April, a female, of 37-45-2 cm., and “ spent,” was taken at the same place as 
the last, at a distance of 58 miles, after 776 days ; another female, of 39-5-43 cm., 
and described as ‘“‘ immature,’ was recovered, after 822 days, to the east of the 
Isle of May, at a distance of 45 miles. 

In November, a female, of 41°5-54:'1 cm., and “three quarters ripe,” was re- 
captured, after 982 days, near Aberdeen, at a distance of 69 miles. 

The last fish of the experiment to be recaptured was got in March 1915, after 
1120 days, to the east of the Isle of May, at a distance of 25 miles ; its size on libera- 
tion was 33°5 cm., but neither its size on recapture nor the condition of the ovaries 
was recorded. 

Of the 66 fish taken, 14, or 21-2 per cent., were got in the Firth of Forth, namely, 
2 males (9°5 per cent.) and twelve females (26-7 per cent.) ; 52, or 78°8 per cent., 
were got outside the Firth, 90°5 per cent. of the males and 73°3 per cent. of the 
females. Seven, or 10-6 per cent., were recaptured in the Moray Firth, and 4, or 
6"1 per cent., all males, were taken still farther to the north. 

Distances travelled.—KHleven fish, or 17:2 per cent., were recaptured at distances 
of from 24 to 8} miles, namely, 2 males (10 per cent.), with an average of 5:5 miles, 
and 9 females (20-4 per cent.), with an average of 4:9 miles. They were all taken in 
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the Firth of Forth. One of the males (No. 803) was recaptured by the “ Gold- 
seeker ” at Station VI., off St. Monans, on the 5th December 1912, and again liber- 
ated on the following day, at the Station 20 miles east of the Isle of May. 

10 to 20 miles.—Nine fish, or 14:1 per cent., migrated distances of from 12 to 19 
miles, namely, 3 males (15 per cent.), with an average of 17-1 miles, and 6 females — 
(13:6 per cent.). with an average of 16:5 miles. 

Thus, 20 fish, or 31-2 per cent., were recovered at distances under 20 miles. 
Five males, or 25 per cent., with a mean of 12-5 miles, and 15 females, or 34 per cent., 
with an average of 9°6 miles. Twelve of them were got within the Firth of Forth. 

20 to 50 miles —Twelve fish, or 18°7 per cent., were taken at distances of from 23 
to 45 miles. namely, 3 males (15 per cent.), with an average of 27:3 miles, and 9 
females (20°4 per cent.), wth an average of 29°7 miles. All the males and 6 of the 
females were recaptured to the north and east, and 3 of the females to the east and 
partly to the south. 

50 to 100 miles —T wenty-three fishes, or 36 per cent., went journeys of from 51 
to 99 miles, namely, 9 males (45 per cent.), with an average of 69 miles, and 14 females 
(31°8 per cent.), with an average distance of 77-3 miles. Hight of the males and all 
the females were recaptured to the north and east ; 1 of the males was taken to the 
south and east, at a distance of 56 miles. 

Over 100 miles.—Ten of the plaice, or 15:6 per cent., were recaptured at distances 
of from 101 to 195 miles, viz. 4 males (20 per cent.), with an average of 168°6 
miles, and 6 females (13:6 per cent.), with an average of 147 miles. All these fish 
were taken to the northwards, 5 of the females within the Moray Firth, and 1 off- 
shore, south-east from Buchanness, 2 of the males to the east of Noss, in the Moray 
Firth, and 2 off the Orkneys. 


MATURITY. 


Males.—The condition of the testes was ascertained in 17 of the 21 males 
recaptured. Four were “spawning,” all recaptured to the north and east, 2 in 
February 1913, after 352 and 357 days, at Aberdeen Bank, at distances of 62 and 72 
miles ; another, of 36°5-39°3 cm., is described as taken in March 1913, after 385 
days, in 50 fathoms, 20 miles E.8.E. of Start Point, in the Orkneys, at a distance of 
195 miles ; the fourth was caught in March 1914, after 743 days, to the south-east 
of Aberdeen, at a distance of 58 miles. 

One male, of 31°5-39°9 cm., was “nearly ripe”; it was caught in December 
1913, after 659 days, to the south of the Bell Rock, east of the Isle of May, at a 
distance of 18 miles. 

Two males were described as “spent”; 1, of 35-34:7 cm., was taken in May 
1912, after 62 days, 16 miles to the north and east ; the other, measuring 38°5-43°8 
em., was caught in May 1913, after 433 days, 35 miles to the north and east. 

Among the males of adult size on recapture, whose testes were “immature,” 
1 was recaptured in the spawning season ; it measured 36-36°5 cm., and was taken 
to the south-east of Aberdeen Bank, in April 1912, after 39 days, at a distance of 71 
miles. 

Females.—-Of the 45 females recaptured, the condition of the reproductive 
organs was ascertained in 38. Three were “spawning,” 1 of 36-42°3 cm., caught 
in February 1918, after 357 days, at Aberdeen Bank, a distance of 72 miles ; the 
other 2 were caught in the Moray Firth, one of 41-44°2cm.,in April 1913, after 392 
days, off Tarbet Ness, at a distance of 174 miles, and the other, of 39-45-4 em., in 
March 1914, after 728 days, off Whitehills, Banff, at a distance of 137 miles. 

One female was “‘ mature”; it measured 39°5-43 cm., and was taken in June 
1914, to the east and a little south of the Isle of May, at a distance of 45 miles. 

Nine females were described as “spent”; 1, of 38°5-38°6 cm., was taken in 
March 1912, after 12 days, probably outside the Isle of May ; another, of 38-40 cm., 
was caught in May, after 68 days, 24 miles east and partly south of the Isle of May ; 
and a third, of 37-5-48°7 cm., was taken in March 1914, after 751 days, to the north 
and east of the Isle of May, at a distance of 33 miles ; all the others, except 1, were 
found to the northwards, off the coast of Aberdeen, viz. 1, of 41°5-44°3 em., in 
January 1913, at a distance of 91 miles; another, of 40°5-46:2 cm., in February 
1913, at a distance of 72 miles ; another, of 39°5-47:7 cm., also in February 1913, 
at a distance of 73 miles ; another, of 33-397 cm., in May 1913, at a distance of 90 
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miles, and another, measuring 37-452 em., in April 1914, after 776 days, at a dis- 
tance of 58 miles ; the remaining “spent ” female was recaptured in the Firth of 
Forth in February 1913, near St. Monans, at a distance of 44 miles ; it measured 
41°5-45°6 em. A female, which was 31-37°8 em., and was therefore under the adult 
size, was taken in March 1914, after 748 days, at Aberdeen Bank, at a distance of 76 
miles, and was described as “ spent.” 

‘Two females were described as ‘‘ three-quarters ripe” ; 1 was caught in Novem- 
ber 1913, after 618 days, south-east of Buchanness, at a distance of 80 miles, and 
it measured 39-46:4 em.; the other, of 41°5-54:1 em., was caught in November 
1914, after 982 days, not far from the same place, at a distance of 69 miles. 

Among the adult females, 12 were described as “immature.” Three were 
recaptured in the spawning season, 1, measuring 35-5-41°3 cm., in January 1913, 
off Noss Head, in the Moray Firth, at a distance of 166 miles; another, of 34- 
39°9 cm., was taken in February 1913, off Buchanness, at a distance of 89 miles ; 
and the third, of 39-5-39-8 cm., was got in April 1912, after 28 days, near Pitten- 
weem, in the Firth of Forth, at a distance of 5 miles. 

Of 9 females, which were under adult size on recapture, and which were “ im- 
mature,” 6 were taken in the Firth of Forth. Of the other 3, 1 measuring 37- 
36-7 cm., was taken in March 1912, after 9 days, 18 miles to the north and east ; 
another, of 31-32-7 cm., was found in June 1912, after 106 days, near the Bell 
Rock, 29 miles to the north and east ; and the third was caught in October 1912, 
23 miles distant, in the same direction. 


EXPERIMENT VIII. 
24th April 1912. 


The number of plaice marked and liberated in this experiment was 102, viz. 
44 males, 55 females, and 3 of undetermined sex. ‘The sizes of the males ranged 
from 27 cm. to 40:5 em., and of the females, from 30 to 55 cm.; the sizes of those 
of undetermined sex were from 33°5 to 42 cm. Of the males, 12 were under the 
adult size on liberation, and of the females, 35 were under the adult size. 
P The numbers liberated and recaptured, arranged in 5-cm. groups, were as 
ollows :— 


cm. em. cm. cm. cm. cm. 
25-30°5 31-35:5 36-40°5 41-45-5 46-50°5 51-555 —‘ Total. 
F. Lib. E 5 1 30 14 if 1 2 55 
F. Recap. . : 1 21 7 7 1 —— 37 
M. Lib. ; : 3 29 12 — — — 44 
M. Recap. . : 2 21 10 — — — 33 
? Lib. : = 1 1 1 — -— 3 
? Recap... —— _ 1 — — — 1 


Allthe plaice used were taken by the “ Goldseeker” at Station VI., Firth of Forth 
(Fluke Hole), on the 23rd April; they were marked between 3.10 and 4.5 p.m., 
and kept in tanks with a good circulation of water until 10 a.m. on the 24th, when 
they were liberated in good condition. Only 1 of the plaice died while in the 
tanks. 

The number recaptured was 71, or 69°6 per cent., viz. 33 males, or 75 per 
cent., 37 females, or 67°3 per cent., and 1 of unknown sex. 

Of the males, 32 were of adult size on recapture, namely, from 33:4 to 43-2 cm, 
the average being 38-4 em., compared with from 27 to 40-5 cm., and an average 
of 34:6 em. on liberation; the periods of freedom ranged from 10 to 1074 days, 
averaging 351 days; the distances migrated were from 24 to 192 miles, averaging 
77°8 miles, and the mean rate of movement was 2°29 miles per 10 days. Of the 
females, 28 were of adult size, when recaptured, ranging from 38 to 51 cm., and 
averaging 43:1 cm., compared with 31-5 to 47 cm., and an average of 38 cm. on 
liberation ; they were at liberty for from 35 to 757 days, the average being 366 
days; the distances migrated ranged from 24 to 356 miles, the average being 
73°8 miles, and the mean rate of movement 2 miles per 10 days. Nine of the 
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females were under the adult size on recapture, ranging from 32:2 to 37-1 em., 
the mean being 35°5 cm., compared with trom 30 to 34:5 cm., and an average 
of 32:4 cm. on liberation ; the fish were at liberty from 9 to 492 days, the average 
being 212 days; the distances migrated ranged from 23 to 136 miles, averaging 
28-4 miles, and the mean rate of movement per 10 days was 1°34 miles. 


Ture Extent AND DIRECTION OF MIGRATION. 


First Quarter.—In May 1912, 4 plaice were recaptured, 1 male and 3 females, 
all within the Firth of Forth, 3 near Elie, about 2 miles distant, and 1 off Pitten- 
weem, at a distance of 4 miles. One of the females, measuring 44-44:3 em., got 
off Pittenweem, was “spent”; all the others were “immature.” In June a 
female, of 39°5-39-4 cm., was taken 24 miles distant, to the east of the Isle of 
May. In July 4 females were caught, all eastwards of the Firth of Forth, at 
distances from the station of 11, 12, 17, and 24 miles; 1, measuring 42°5-44:1 cm., 
was “half-ripe,” and all the others “immature.” The number recaptured in the 
first 3 months after liberation was, therefore, 9, or 12°7 per cent., 4 within the 
limits of the Forth, and 5 off the mouth of the Forth. 

Second Quarter—In August 1912, 2 fishes were recaptured, a male, of 33°5- 
36:5 em., to the north-east of the Isle of May, at a distance of 16 miles, after 
114 days, and a female, of 40°5 cm., when liberated, but of unknown size when 
recaptured, which was taken to the south-east of St. Abb’s Head, at a distance 
of 54 miles, after 120 days. Four, all males, were taken in September, 2 at 16 
and 17 miles distant, to the east of the Isle of May, after 140 and 134 days, and 
measuring 36:5-38°8 cm., and 36-37°5 cm. respectively; 1, of 36-38°6 cm. 
(described as “‘ nearly ripe’), was caught 34 miles to the north-east after 145 days, 
and another, measuring 35:°5-37°7 cm., in the same direction, at a distance of 
68 miles, after 150 days. Three were recaptured in October 1912, 1 male and 
2 females. The male, of 33°-5-38°5 cm., and described as “half-ripe,” was taken 
32 miles to the north-east after 177 days; 1 of the females, of 32-35:5 em., and 
therefore under adult size was caught, after 184 days, 15 miles to the north and 
east ; the other, measuring 34:5-38°3 cm., was found, after 179 days, at a distance 
of 77 miles to the north-east, off Aberdeen. 

In this quarter, therefore, the total number recaptured was 9, or 12-7 per 
cent., and all were taken outside the Firth of Forth, 8, or 88°8 per cent., to the 
north and east, and 1 to the south and east. 

Third Quarter—A female, of 38-41:3 cm., and described as “nearly ripe,” 
was recaptured in November, after 218 days, east of the Isle of May, at a distance 
of 16:5 miles; the rate of movement was 41:3 miles per 10 days. In December 
4 marked plaice were taken, 2 males and 2 females, 3 to the north-east, and 1 
far to the south-east. One of the males, measuring 35-391 cm., was caught, 
after 250 days, 71 miles to the northwards, off Aberdeen Bay; another, of 35- 
39-2 cm., and “ nearly ripe,” was caught off Banff, in the Moray Firth, at a distance 
of 134 miles, after 243 days. One of the females, measuring 33-36-9 cm., and 
thus under adult size, was taken, after 222 days, 38 miles northwards, close in, 
near Montrose; it was described as “nearly ripe.” The other female, measuring 
45-47°5 em., and also “nearly ripe,” was caught, after 237 days, at a point 2 miles 
north-east of the HE. Goodwin Light (51° 17’ N.; 1° 30’ E.), a distance of about 
357 miles; this fish was taken by a Ramsgate smack, and landed at Ramsgate, 
and it is of much interest, as showing that plaice from the Firth of Forth may, at 
rare intervals, migrate to the southern part of the North Sea. All these fish had 
moved with rapidity, the one taken on the Goodwin Sands showing an average 
rate of 15 miles per 10 days, the male caught in the Moray Firth an average rate 
of 5-5 miles, the male taken at Aberdeen Bay a rate of 2°8 miles, and the female 
caught at Montrose an average rate of 1-7 miles. In January 1913, 3 males were 
captured, all to the northwards, 2 in the Moray Firth, and 1 south-east of the 
Pentland Skerries. The 2 caught in the Moray Firth were taken close together, 
north-east of Tarbet Ness, at distances of 155 and 156 miles each, after 281 days ; 
they measured respectively 34-37 cm., and 35-5-37-4 cm., and both were “ spawn- 
ing.’ The male caught off the Pentland Skerries, at a distance of 164 miles, 
alter, 268 days measuring 34:5-37-3 cm., and was “nearly ripe.” The rates of 
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movement of these males were nearly uniform, viz. respectively 5-5, 5:5, and 6-1 
miles per 10 days. 

Thus, in the third quarter, 8 of the marked plaice, or 11-3 per cent., were 
recaptured, 7, or 87:5 per cent., to the north and east, and 1 to the south and east : 
3 were taken in the Moray Firth. 

Fourth Quarter—tIn February 1913, no fewer than 13 marked plaice were 
recaptured, 7 males and 6 females. Three were caught in the Firth of Forth, all 
females, 1, of 30-36 cm., and therefore under adult size, off Pittenweem, 5 miles 
distant, after 303 days, another, of 33°5-38 cm., off Largo, at a distance of 6 miles, 
after 309 days, the third, of 33-38:1 cm., after 303 days, off Elie, at a distance of 
2 miles. The ovaries in each case were “immature.” One male, of 38-5-41:3 cm., 
and “ ripe,” was taken off St. Abb’s Head, at a distance of 36 miles, after 283 days ; 
a female, of 35-5-38-1 cm., “immature,” was taken, after 303 days, at a distance 
of 25 miles, to the east of the Isle of May; another female, of 32-37-1 em., and 
“immature,” was got, after 309 days, 26 miles to the north and east. Five fishes, 
all males, were captured off the coast of Aberdeen, 3 on 26th February, after 
308 days, all near together, 26 to 30 miles 8.E. by E. of Aberdeen, at distances of 
72 and 74 miles; their sizes were as follows :—37-40-2 cem., 32-37:2 em., and 
27-33°5 em., and they were all “spawning.” The other two were caught, after 
298 days, in the same locality, at distances of 71 and 72 miles; they measured 
34-37 em., and 40-41°3 cm., and were also “ spawning.” The remaining two fish, 
a male and a female, were recaptured in the Moray Firth, the male 10 miles S.8.E. 
from Helmsdale, at a distance of 166 miles, after 288 days, measuring 38°5-39°7 em., 
and “ripe”; the female, of 32-5-36-2 cm., was taken 14 miles off Whitehills, near 
Banff, at a distance of 136 miles, after 292 days; it was “ half-ripe.” The mean 
rate of movement of those taken off the coast of Aberdeen was 2°3 miles for 2 of 
the fishes, and 2-4 miles for 3 of the fishes, per 10 days; for those taken in the 
Moray Firth, the average rate was 5:7 for the male, and 4°6 for the female. Two 
males were recaptured in March 1913, both to the northwards ; 1, 63 miles distant, 
off the coast of Aberdeen, in the same direction as the male referred to above ; 
it measured 35-39-5 cm., and was “spawning”; the other, of 32-33-4 em., was 
taken, after 336 days, at the Orkney Islands, at a distance of 192 miles; it also 
was “spawning”; the mean rate of movement of the former was 1-8 miles, and 
of the latter 5-7 miles per 10 days. In April 1913, 5 were recaptured, 3 males and 
2 females. Two were taken on the 25th April, after 366 days, to the south and 
east ; 1, of 38:5-40-9 cm., and “spent,” north of St. Abb’s Head, at a distance 
of 24 miles; the other, of 32-37:5 cm., and “immature,” was caught to the east 
of St. Abb’s Head, at a distance of 46 miles. One of the females was caught off 
Aberdeen, at a distance of 63 miles, after 344 days; it measured 34-38°8 cm., 
and was “immature”; the other, measuring 35-39°3 ecm., was taken, after 351 
days, off Tarbet Ness, in the Moray Firth, at a distance of 172 miles; the condition 
of the ovaries was not recorded. The third male was recaptured to the east of the 
Orkney Isles, at a distance of 179 miles, after 366 days; it measured 40-5 em. 
when liberated, but the size on recapture and the condition of the testes were not 
ascertained. 

Thus, in the fourth quarter, 20 fishes, or 28:2 per cent., were recaptured, of 
which 15, or 75 per cent., were taken to the north and east, with an average migra- 
tion of 93 miles, and a mean rate of movement of 2°8 miles per 10 days ; 3, or 15 per 
cent., were taken to the south and east, at an average distance of 35 miles, and 
a mean rate of 1 mile per 10 days; 2 were got to the north and west, within the 
Firth of Forth, the average distance being 4 miles and the mean rate 15 miles. 

Within the 12 months after liberation, therefore, 46 marked plaice, or 64:8 per 
cent., were recaptured, 31, or 67-4 per cent., to the north-east, 10, or 21-7 per cent., 
to the south and east, and 5, or 10-9 per cent., to the north and west, within the 
Firth of Forth. 

Of the remaining 25 fish, 14 were taken later in 1913, 4 males and 10 females. 
In May, 1 male and 3 females were got, all “spent,” the male, of 34-38-6 cm., off 
the Isle of May, at a distance of 15 miles to the south and east, after 376 days ; 
one of the females, measuring 45-51.cm., in the Firth of Forth, off Largo, at u 
distance of 6 miles, after 386 days; a female, of 34:-5-39°6 cm., was taken, after 
375 days. offshore, to the east of Aberdeenshire, at a distance of 100 miles; the 
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remaining female, of 35-41:5 cm., was caught, after 393 days, to the north-east 
of Rattray Point, at a distance of 107 miles. 

Four were recaptured in June, 3 males and 1 female, all to the north and east. 
One of the males, measuring 31°5 cm. on hberation, but of unknown size on re- 
capture, was taken, alter 421 days, off lite Ness, at a distance of 16 miles; the 
condition of the testes was not recorded. Another was got on Aberdeen Bank, 
to the south-east of Aberdeen, at a distance of 63 miles, after 409 days ; it measured 
35:5-39'1 cm., and was “spent.” The other male was caught, after 418 days, at 
a distance of 171 miles, east of the entrance to the Pentland Firth ; it measured 
33-37°6 cm., and was “immature.” The female, of 40°5-45°8 cm., and “im- 
mature,’ was taken north of Aberdeen Bank, 85 miles distant, after 428 days. 

In July, 2 females were captured, 1, of 32°5-41-1 cm., after 435 days, near the 
Bell Rock, at a distance of 27 miles ; 1t was ‘‘ immature.” The other was recovered: 
alter 462 days, at Aberdeen Bank, at a distance of 75 miles ; it measured 41-5-46-4 
cm., and is described as “spenit.” 

Two females were also recaptured in August, 1, of 31°5-42°2 cm., off the Isle 
of May, at a distance of 24 miles; the other was taken, after 492 days, at a distance 
of 18 miles, to the east of May Isle; it measured 32 cm. on liberation, but the size 
on recapture and the condition of the ovaries were not recorded. 

Two females were taken in November, 1, of 35°5-48°5 cm., and described as 
“three-quarters ripe,” after 559 days, off Tod Head, a distance of 52 miles to the 
north-east ; and the other, of 33°5-41-1 cm., and also “ three-quarters ripe,” after 
584 days, to the south-east of the Bell Rock, at a distance of 34 miles. 

In 1914, 10 of the marked plaice were recaptured. A female, of 47-49°5 cm., 
was taken in January, after 638 days, off Whitehills, near Banff, at a distance of 
136 miles ; it was “ spawning.” 

Two females were caught in February, and both were “spawning”; 1, of 
44-49-2 cm., was taken, after 656 days, off Pennan Head, Moray Firth, at a distance 
of 127 miles; the other, of 40-49 cm., was caught, after 672 days, off Strathie 
Point, on the north coast of Scotland, at a distance of 208 miles. 

In March, 2 males and 1 whose sex was not recorded were recaptured, the 
latter of 38°5-44'7 cm., and “ripe,” to the north-east, of the Isle of May, at a 
distance of 24 miles; one of the males, of 35:5-43-2 cm., and also “ripe,” was 
caught, after 695 days, to the north and east of the Bell Rock, at a distance of 
31 miles ; the other male, of 30-37 cm., and “spawning,” was taken, after 680 days, 
near Buchanness, at a distance of 85 miles. 

Two were recaptured in April, a female, of 33-40 cm., and “ spent,” after 
707 days, at Aberdeen Bank, 78 miles to the north and east ; and a male, of 39- 
42°5 cm., and “ripe,” after 724 days; this fish was landed at Dundee, and the 
place of capture was recorded as “183 miles north-east of Caithness” ; from this 
it is impossible to say where the fish was taken. 

In May, a female, of 37-46-5 cm., and “ spent,’”’ was recaptured, after 757 days, 
south-east of Noss Head, just outside the limit of the Moray Firth, at a distance 
of 149 miles. 

The last fish caught in 1914 was taken in July, after 818 days, offshore, directly 
east of Aberdeen, at a distance of 93 miles; it was a male, of 32°5-41-7 em., and 
described as ‘“‘ spent.” 

One fish, a male of 31-38°3 cm., was taken in 1915, in April, after 1074 days, 
15 miles distant, to the east of the Isle of May, and was “ spawning.” 

Distances travelled—10 miles and under—Kight fishes, or 11.4 per cent., went 
distances of from 24 to 6 miles, the average being 4 miles, namely, 1 male and 
7 females (18-9 per cent.). All the fish were found in the Firth of Forth, the male 
and 3 of the females off Khe, 2 females off Largo, and 2 off Pittenweem. 

10 to 20 miles.—Twelve fish, or 17:1 per cent., were recaptured at distances of 
from 113 to 18 miles, namely, 6 males (18°7 per cent.), with an average of 16 miles, 
and 6 females (16°2 per cent.), with an average of 15 miles. Four of the males and 2 
of the females were taken to the north and east, and 2 of the males and 4 of the 
females to the south and east. 

Under 20 miles.—Thus, 20 of the marked plaice, or 28°6 per cent., were recovered 
within 20 miles of the station, 7 males (21:9 per cent.), with an average of 14°1 miles, 
and 13 females (351 per cent.), with an average of 9:1 miles. 
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20 to 50 miles —Fifteen of the fishes, or 21°4 per cent., were recaptured at 
distances of from 244 to 46 miles. Six (18°7 per cent.) were males, with an average 
migration of 34°2 miles, and 8 (21°6 per cent.) were females, with an average of 28 
miles. Three of the males were found to the north and east, and 6 to the south and 
east. Five of the females were recaptured to the north and east, and 3 to the south 
and east. 

50 to 100 miles —Nineteen of the recaptured plaice, or 27°1 per cent., were got 
at distances varying from 524 to 100 miles, namely, 11 males (34°4 per cent.), with 
an average distance of 73°3 miles, and 8 females (21°6 per cent.), with an average 
distance of 73°2 miles. All the males and 7 of the females were got to the north 
_ and east, at Aberdeen Bank or off the coast of Aberdeen ; the female, which had 
moved to the south-east, was caught at a distance of 54 miles south-east of St. 
Abb’s Head. 

Over 100 miles.—Sixteen of the fishes, or no less than 22°8 per cent. of the total 
number recaptured, had migrated distances of over LOO miles. Hight (25 per cent.) 
were males, with a mean distance of 164-8 miles, and 8 (21°6 per cent.) were females, 
with an average distance of 174 miles. Of the males, 4 were recaptured in the 
Moray Firth, 2 off the Pentland Skerries, and 2 at the Orkney Islands. Five of the 
females were taken in the Moray Firth, 1 on the north coast of Scotland, at a dis- 
tance of 208 miles, another to the north-east of Rattray Point, while a third was 
found 357 miles to the southward, near Ramsgate. 

Ten of the fishes, or 14°1 per cent., were recaptured within the Firth of Forth, 
namely, 9 females (24°3 per cent.) and 1 male (3 per cent.), Sixty-one of the fishes, 
or 85°9 per cent., were recaptured outside the Firth of Forth, and of those, 8, or 
11:3 per cent., 4 males and 4 females, were taken in the Moray Firth, while 7, or 
9°8 per cent., had moved further, 4 to the north-east and 1 to the south and east. 


Maturity. 


Males.—Of the 33 males recaptured, the condition of the testes was ascertained 
in 31, 

Eleven were “spawning,” and all but 1 were taken to the north and east. 
One, of 31-38°3 cm., was got in April 1915, after 1074 days, 15 miles to the south- 
east, off the Isle of May. Seven were caught off the coast of Aberdeenshire, 5 of 
them at Aberdeen Bank, to the south-east of Aberdeen, all in February 1913, at 
distances of from 71 to 74 miles ; the smallest measured 27-33'5 cm., and the largest 
40-41°3 em. Another was got to the south-west of the Bank, at a distance of 63 
miles ; and another in March farther north, near Buchanness, at a distance of 85 
miles. Two were found in the Moray Firth, both in January 1913, near together, 
on the same day, north-east of Tarbet Ness, at distances of 155 and 156 miles. 
The remaining male was taken at the Orkney Isles, at a distance of 192 miles. 

Four of the males were “ ripe.”” One was caught in February 1913, at a distance 
of 36 miles to the south and east, off St. Abb’s Head. The second, also taken in 
February 1913, was found in the Moray Firth, north and east of Tarbet Ness, 
at a distance of 166 niles. The third was caught in March 1914, 31 miles to the 
north and east, near the Bell Rock. The fourth was taken in April 1914, with a 
record from Dundee of “ 183 miles north-east of Caithness.” 

Four were described as “spent” ; 1, caught in April 1913, 24 miles to the south 
and east, to the north of St. Abb’s Head ; another in May 1913, 15 miles to the 
south and east, off the Isle of May; the third, in June 1913, 63 miles to the north 
and east, at Aberdeen Bank ; and the fourth, in July 1914, farther offshore, to the 
east of Aberdeen Bank, at a distance of 93 miles from the station. 

Three males were ‘‘ nearly ripe.” One was caught in September 1912, 34 miles 
to the north and east ; another, in December 1912, in the Moray Firth, off Banff, 
at a distance of 134 miles ; and the third, in January 1913, off the Pentland Firth, 
at a distance of 164 miles. One male, described as “ half-ripe,” was caught in 
October 1912, 32 miles to the north and east, off the Bell Rock. : 

Among 8 males of adult size on recapture, and described as “immature,” | 
each was taken in April, May, June, August, and December, and 3 in September. 
The one caught in April, after 366 days, measured 32-37°5 cm.,-and was taken 46 
miles to the south and east, to the east of St. Abb’s Head. The-one taken in May, 


> 


4 


70 


after 10 days, was caught near Elie, in the Firth ot Forth, and measured 
34-347 cm. 

Females.—The condition of the ovaries was ascertained in 34 of the 37 females 
recaptured. 

Three were “spawning”; | was caught in January 1914, in the Moray Firth, 
off Whitehills, near Banff, at a distance of 136 miles; the second was taken in 
February 1914, also in the Moray Firth, off Pennan Head, at a distance of 127 
miles ; and the third was recovered, also in February 1914, on the north coast of 
Scotland, off Strathie Point, at a distance of 208 miles. None of the females was 
described as “ ripe.” 

Seven were “spent.” One was caught in May 1912, near Pittenweem, in the 
Firth of Forth, 4 miles distant; another was taken off Largo, in the Firth of 
Forth, in May 1913, at a distance of 6 miles. Four were recaptured off the coast of 
Aberdeen, one in May 1913, at a distance of 100 miles, and well offshore ; another, 
also in May 1913, to the north-east of Buchanness, at a distance of 107 miles ; 
another was taken in July 1913, at Aberdeen Bank, a distance of 75 miles ; and 1 in 
April 1914, also at Aberdeen Bank, a distance of 78 miles ; the other female was 
recaptured just outside the Moray Firth, in May 1914, at a distance of 149 miles. 

Two females were “nearly ripe”; 1, caught in November 1912, 16°5 miles to 
the north and east, off the Isle of May ; the other, in December 1912, was the one 
taken at the Goodwin Sands, at a distance of 357 miles from the place of liberation, 
and landed at Ramsgate. 

Two were “ three-quarters ripe” ; 1, caught in November 1913, 52 miles to the 
north and east, off Tod Head ; the other, also taken in November, was got 34 miles 
to the north-east, in the vicinity of the Bell Rock. One was “ half-ripe ” ; 1t was 
caught in July 1912, 24 miles to the south and east, off the Isle of May. 

Among the females under adult size on recapture (38 cm.), 1, measuring 33-36°9 
cm., was taken in a cod-net 38 miles to the north and east, in December 1912, ? mile 
off Montrose Bay, and was described as ‘“ nearly ripe.” Another, which measured 
32°5-36°2 cm., was recaptured off Whitehills, in the Moray Firth, in February 1913, 
and was “half-ripe.” These are examples of females which would probably spawn 
under the size I have fixed as the limit between mature and immature. 

Kleven of the females above 38 cm. on recapture were “immature.” Most of 
them were taken in summer, but 3 were caught in February 1913, and 1 on the 
3rd April 1913, and thus within the limit of the spawning season. Of the 3 
recovered in February, 1 taken off Largo, in the Firth of Forth, measured 33°5-38 em. ; 
another, taken at Elie, in the Firth of Forth, measured 33-38'1 cm.; a third was 
caught at a distance of 25 miles to the north and east, east of the Isle of May. These 
fishes are examples of the opposite of what is said above, and would evidently not 
reach sexual maturity until the next year, when they would be considerably larger 
in size. The same may be said of the fourth female, which was taken 63 miles to the 
north and east, near Aberdeen, and measured 34—38°8 cm. 
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EXPERIMENT IX. 
9th May 1912. 


_ One hundred plaice were marked and liberated in this experiment, 41 males, 57 
females, and 2 whose sexes were not ascertained. ‘Lhe sizes of the males ranged from 
27 cm. to 44 cm., and 19 were under the adult size ; the sizes of the females were 
from 27 cm. to 53:5 cm., and 36 were under the adult size. The numbers liberated 
and recaptured, arranged in 5-cm. groups, are shown in the subjoined table :— 


em. cm. cm. em. cm. cm. 
25-30°5 31-35°5 36-40°5 41-45:°5 46-50°5 51-55°5 Total. 


F. Lib. - 2 12 20 14 4 4 3 57 
F. Recap. . f 3 11 7 2 1 2 26 
elapse a exe 24 3 3 - a 41 
M. Recap. . ae EO) 15 3 2 —= — 30 
Palas: : Sn es 2 ae ze ae = 2 


? Recap. A ss tis ew ae ae Ea = 


ig 
The plaice were tiawled by the “Goldseeker” in Kirkcaldy Bay, Firth of 
Forth, on the 8th May, and were marked, and placed in tanks of running water 
between 3.10and6p.m. They were liberated on the next day, at 8.30 a.m., none 
of them having died while in the tanks. : 

The number recaptured was 56, or 56 per cent., viz. 30 males, or 73:2 per cent., 
and 26 females, or 45°6 per cent. 

Twenty-six of the males were of adult size on recapture, viz. from 33-45 cm., 
the average being 37°5 cm., as compared with a range of from 28-44 cm., and an 
average of 33°5cm., on liberation ; they were free for from 131 to 1054 days, aver- 
aging 413 days ; they migrated distances of from 43 to 184 miles, the mean being 
50°1 miles, and the average rate of movement, per 10 days, was 1*2 miles. 

Four of the males were under the adult size, the average being 32°1 cm., as against 
28°5 em. on liberation ; the average period of liberty was 254 days, and the mean 
distance migrated 23:2 miles, with an average rate, per 10 days, of 1 mile. 

Of the females, 17 were of adult size, from 38-53°9 cm., the averaze being 43°3 
em., compared with a range of from 27°5-53'5 cm. on liberation, and an average of 
38°8 cm. ; the days free ranged from 55 to 1031, averaging 497 days ; the distances 
migrated were from 43 to 155 miles, the mean being 49°3 miles, and the mean rate of 
movement, 1 mile per 10 days. 

Nine of the females were under the adult size, the average being 35:1 cm., as 
compared with 32 cm. when they were liberated ; they were at liberty for an 
average period of 236 days, and migrated distances of from 4} to 88 miles, the mean 
being 29°1 miles, and the mean rate of travel, per 10 days, 1-3 miles. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—None of the marked plaice was recaptured im May, but 2 were 
taken in June, a female, of 30 cm., on liberation, but of unknown size on recapture, 
was caught, after 34 days, near Kirkcaldy (where it was originally taken), in the 
Firth of Forth, about 10 miles to the westwards ; the other was a male, of 31°5-32 
em., described as “spent” (and stale), which was taken to the south and east of 
Tod Head, 53 miles north-east of the station, after 35 days. 

Three females were recaptured in July ; 1, of 33 cm., on liberation, but of un- 
known size on recapture, was caught near Kirkcaldy, in the Firth of Forth, after 
57 days ; the other 2 were taken to the east of the Isle of May, at distances of 144 
and 33 miles, after 55 days and 78 days, respectively ; the former measured 38°5- 
39°4 cm., and the latter was 36°5 cm. on liberation, but on recapture it was not 
recorded. 

In this quarter, 5 fishes, or only 8°9 per cent. of the total recaptured, were taken, 
2 within the Firth of Forth. 

Second Quarter—Three females were recaptured in August, 1, of 37°5-39°8 
em., after 92 days, near Wemyss, in the Firth of Forth ; another, of 33°5-36°5 cm., 
was taken, after 113 days, to the north of St. Abb’s Head, at a distance of 33 miles ; 
the third, of 33-34:6 cm., was recaptured, after 114 days, off Aberdeen Bay, at a 
distance of 73 miles. 

Three were taken in September, a male, of 32-37-4 cm., to the east of the Isle of 
May, ata distance of 34 miles, after 131 days ; a female, of 34-38 cm., after 141 days, 
near St. Abb’s Head, at a distance of 32 miles, to the south and east ; another, 
also a female, of 32°5-35°2 cm., was taken, after 124 days, off Pittenweem, in the 
Firth of Forth, at a distance of about 44 miles. One fish, a male, of 34°5-36°8 em., 
was caught in October, after 170 days, far to the eastwards, at a distance of 76 miles. 

Seven plaice, or 12°5 per cent., were recaptured in this quarter, 2 of them in the 
Firth of Forth. 

Third Quarter—Two were recaptured in November, a female, measuring 34°5- 
38°3 cm., after 197 days, off Largo, in the Firth of Forth, at a distance of 4} miles, 
and a male, of 30-33°4 cm., after 183 days, near Buchanness, at a distance of 85 
miles, 

Three were caught in December, a female, of 46-47-2 cm. and “nearly ripe,” 
after 207 days, to the east of the Isle of May, at a distance of 38 miles ; a male, of 
44-45 cm., and also “ nearly ripe,” after 230 days, to the east of the Isle of May, 
at a distance of 214 miles; and a male, which measured 33°5 cm. on liberation, 
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but whose size on recovery was not recorded, after 232 days, off the Isle of May, ata 
distance of 17 miles to the south and east. 

None was taken in January 1913, so that the total for this quarter was 5 fishes, 
or 8:9 per cent. 

Fourth Quarter—Nine of the marked plaice were taken in February 1913, 8 
males and | female. Three of them were got in the Firth of Forth, viz. a female, 
of 39-41:4 em., and ‘‘ immature,” off Largo, after 278 days; a male, of 28-32°5 
cm., “rather immature,” after 288 days, off Wemyss, at a distance of 9 miles ; and 
a male, of 33°5-35'9 cm., and “immature,” after 289 days, off Leven, at a distance of 
61 miles. Two males, of 27°5-31'6 em., and 38-39'1 cm., were taken near together, 
after 286 days, at 253 miles and 26 miles distant, to the east of the Isle of May ; 
the larger fish was “ ripe,” and the smaller “immature.” Another male, of 34-381 
cm., and “spawning ” (“ partly spent’), was caught, after 275 days, north and east 
of the Isle of May, at a distance of 17 miles. The other 3 males were taken off 
Aberdeen, 1, of 30°5-33°4 cm., at a distance of 614 miles, after 294 days ; the other 
2, measuring 30-33 ems., and 32°5-35 cm., were caught, after 278 days and 281 days, 
at Aberdeen Bank, at distances of 75 and 76 miles ; the former was “ spawning ” 
(‘‘ partly spent ”’) and the latter “‘ ripe.” 

Three were caught in March 1913, 2, a male, of 28-33°4 cm., and a female, of 
29-32°5 cm., off St. Monans, in the Firth of Forth, at distances of 5 and 43 miles, 
after 321 days and 296 days ; both were ‘‘ immature ” ; the third fish was a male, 
of 35°5-39°4 cm., and “‘ ripe,”’ which was caught, after 313 days, off the mouth of the 
Tay, at a distance of 223 miles. 

Three males were recaptured in April 1913, all in the Firth of Forth, and all 
“immature ” ; 2, of 27-32°5 em., and 28-33°8 cm., were got, after 330 and 333 days, 
off Pittenweem, at distances of 5 and 43 miles ; the third, measuring 28-33°8 em., 
was found, after 346 days, more to the west, off Buckhaven, at a distance of 84 
miles. 

In this quarter, which embraces the spawning period, or most of it, 15 marked 
plaice, or 26°8 per cent., were recaptured, of which 8 were taken in the Firth of 
Forth. 

Thus, in the 12 months after liberation, 32 of the marked fish, or 57'1 per cent., 
were recaptured, 13 within the Firth of Forth. 

Of the other fish recaptured, 7 were taken in the remaining part of 1913, 15 in 
1914 and 2 in 1915, 

In May 1913, 2 males were taken, far to the northwards, 1, measuring 33°5-35'9 
em., and described as ‘‘ immature,” near Buchanness, after 381 days, at a distance 
of 88 miles. and the other, of 31°5-35°3 cm., and “ spent,” after 359 days, to the 
east of the Orkney Isles. A female, measuring 43-47°4 cm., and “spent,” was 
taken in July, after 418 days, to the east of the Bass Rock, at a distance of 154 miles, 
Two females were recaptured in September ; 1, of 53°5 cm. on liberation, but of 
unknown size on recapture, after 495 days, to the east of the Isle of May, at a 
distance of 36 miles, and the other, of 38°5—44:1 cm., and described as ‘‘ about half- 
ripe,” after 482 days, to the south-east of Aberdeen, at a distance of 57 miles. A 
male, of 37-40°2 cm., was taken in October, after 515 days, to the north-east of the 
Isle of May, at a distance of 223 miles ; and, in December, another male, measuring 
38-41 cm., was caught, after 594 days, 12 miles E.N.E. of North Shields, at a 
distance of * 6 miles, to the south and east. 

In January 1914, 6 of the marked plaice were recaptured, 3 males and 3 females. 
One of the males, measuring 33-39°8 cm., and “nearly ripe,” was caught, after 
625 days, ¥ miles to the west of the Isle of May, and thus within the limits of the 
Firth of Forth, at a distance of 6§ miles ; another, of 42-42°4 cm., and also “ nearly 
ripe,” was caught, after 610 days, 23 miles to the north and east. A female, of 
42°5-49°2 cm., and “‘ ripe,” was taken, after 616 days, north of St. Abb’s Head, at a 
distance of 254 miles to the south and east. The other 3 fish had migrated con- 
siderable distances to the north and east ; a male, of 830-37-4 cm., and “‘ ripe,” was 
taken, after 617 days, near Aberdeen Bank, at a distance of 66 miles ; a female, of 
31-37°3 em., and described as ‘‘ not ripe,’ was recaptured, after 621 days, far off- 
shore, to the east of Aberdeen, at a distance of 88 miles; and another female, 
measuring 36-41 cm., and “fully half-ripe,” was caught, after 623 days, in the 
Moray Firth, 14 miles off Whitehills, Banff, at a distance of 136 miles, 
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In February 1914, a female, measuring 33-34°3 em., and “immature,” was 
recovered within the Firth of Forth, after 659 days, off Pittenweem, at a distance 
of 5 miles. 

Five of the marked plaice were recaptured in March, 3 males and 2 
females. Two of the males, measuring 31°5-36°8 cm., and 34°5-37-5 cm., were 
taken, after 683 and 690 days, to the east of the Isle of May, at distances of 244 
and 283 miles: the former was “ripe,” and the latter “spawning.” The third 
male, of 34-40 cm., with the condition of the testes unrecorded, was caught, after 
675 days, off Flamborough Head, at a distance of 163 miles to the south and east, 
the mean rate of movement per 10 days being 2:4 miles. One of the females, of 
51:5-53-9 cm., and described as “not ripe,” was also got, after 663 days, to the 
south and east, 6 miles east of Blyth, at a distance of 82 miles, its mean rate 
of travel being 1:2 miles. The remaining female, of 38°5-43-5 cm., had gone 
far to the northwards, and was taken, after 678 days, in the Moray Firth, south- 
east of Berriedale Ness, at a distance of 154 miles; the condition of the ovaries 
was not recorded. 

In April 1914, a female, of 27-5-38:1 cm., and “immature,” was recaptured, 
after 698 days, off Buchanness, at a distance of 90 miles. The next fish taken 
in this year was a female in August, after 813 days, near the Bell Rock, at a 
distance of 274 miles. The last fish recaptured in 1914 was a female, measuring 
335-46 cm., and described as “‘ about three-quarters ripe,’ which was taken in 
December, after 957 days, at Aberdeen Bank, at a distance of 72 miles. 

‘In March 1915, two of the marked plaice were recovered ; one, a female, 
measuring 35:5-43-7 cm., and “ spawning,” was found, after 1031 days, to the east 
of the Bell Rock, at a distance of 39 miles; the other, a male, of 35-44:1 cm., and 
“spawning,” was caught, after 1054 days, at Aberdeen Bank, at a distance of 
72 miles. 

Distances travelled—Under 10 miles—Thirteen of the marked plaice, or 23-2 
per cent., were recaptured at distances of from 44 to 9 miles, namely, 7 males 
(23-3 per cent.), with an average of 6:4 miles, and 6 females (23:1 per cent.), 
with an average of 5-3 miles. They were all taken within the Firth of Forth, 
12 along the north shore, off Wemyss, Buckhaven, Leven, Largo, Pittenweem, and 
St. Monans, and one 2 miles from the Isle of Mav. 

10 to 20 miles.—Six fishes, or 10-7 per cent., were got at distances of from 104 
to 17 miles, viz. 2 males, each of which moved 17 miles, and 4 females, with an 
average of 12-7 miles. Two of the females were found near Kirkcaldy, in the 
Firth of Forth, and the others off the Isle of May. 

Under 20 miles.—Nineteen fish, or 33:9 per cent., therefore, migrated for 
journeys of less than 20 miles, viz. 9 males (30 per cent.), with an average of 
8:8 miles, and 10 females (38:5 per cent.), with an average of 8:5 miles; 15 were 
recaptured within the Firth of Forth. 

20 to 50 miles.—Seventeen, or 30°3 per cent. of the total number recaptured, 
were taken at distauces of from 214 to 39 miles, 9 males (30 per cent.), with an 
average distance of 25:3 miles, and 8 females (30-8 per cent.), with an average of 
33°1 miles. Of the males, 8 migrated to the north and east, and 1 to the 
south and east; 5 of the females were found to the north and east, and 3 to the 
south and east. 

50 to 100 miles.—Sixteen, or 28°6 per cent., were taken at distances of from 
53 to 90 miles, viz. 10 males (33-3 per cent.), with an average of 74 miles, and 6 
females (23-1 per cent.), with an average of 77:1 miles. Nine of the males were found 
to the north and east, off the coast of Aberdeen, 5 of them being recaptured in 
the region of Aberdeen Bank; the tenth male was caught off North Shields, 
86 miles to the south and east. Five of the females were recaptured to the north 
and east, off the coast of Aberdeenshire, and | off Blyth, 82 miles to the south 
and east. 

Over 100 miles.—Four were recaptured at distances of from 136 to 184 miles, 
2 males, with an average of 173-7 miles, and 2 females, with an average of 
145-2 miles. One of the males and both the females had migrated northwards, 
the male being taken off the Orkney Isles, and the females in the Moray Firth ; one 
of the males had gone to the southwards, to off Flamborough Head, a distance of 
163 miles. 
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Of the total recaptured, 16, or 28°6 per cent., were found within the Firth of 
Forth, 7 males (23:3 per cent.), and 9 females (34°6 per cent.), and 40, or 71:4 per 
cent., outside the Firth, viz. 23 males (76°6 per cent.), and 17 females (65:4 per 
cent.). Two, both females, were recaptured in the Moray Firth. 


MATURITY. 


Males.— Of the 30 males recaptured, the condition of the testes was ascertained 
in 26. 

Four were ‘‘ spawning,” all recaptured to the north and east ; 2 were taken 
at distances of 17 and 284 miles, 1, of 34-38:1 cm., in February 1913, after 
275 days, and the other, of 34°5-37°5 cm., in March 1914, after 690 days. The other 
2 were caught at Aberdeen Bank, 1, of 30-33 cm., in February 1913, after 278 days, 
at a distance of 75 miles, and the other, measuring 35-44:1 em., in March 1915, 
after 1504 days, at a distance of 72 miles. 

Five were “ripe,” all taken to the north and east. One, of 38-39:1 cm., was 
caught in February 1918, after 286 days, 26 miles distant ; another, of 35:-5-39°4 em., 
was taken in March 1918, after 313 days, off the mouth of the Tay, at a distance 
of 221 miles; a third, measuring 31-5-36-8 cm., was got in March 1914, after 
683 days, 244 miles distant ; the fourth and fifth were caught at Aberdeen Bank, 
1, of 32:5-35 cm., in February 1913, after 281 days, at a distance of 76 miles; 
and the other, of 30-37:4 cm., in January 1914, after 617 days, at a distance of 
66 miles. : 

A male, of 31:5-35°3 cm., taken at the Orkney Isles, in May 1913, at a distance 
of 184 miles, after 359 days, was “spent.” Another male, measuring 31:5-32 cm. 
(and thus under adult size), taken in June 1913, after 35 days, off Tod Head, at 
a distance of 53 miles, was also described as “ spent.” 

Three males were ‘“‘ nearly ripe”; 2 were taken in January 1914, after 625 
days and 610 days, |, of 33-39°8 cm., within the Firth of Forth, 2 miles west. of 
the Isle of May, and the other, of 42-42°4 cm., 23 miles to the north and east ; 
the third, measuring 44-45 cm., was caught in December 1912, after 230 days, 
21 miles to the north-east, east of the Isle of May. 

Among the males of adult size on recapture were 9 whose testes are described 
as “immature.” Four were taken in the Firth of Forth; 1, of 33:5-35:9 cm., 
in February 1913, after 289 days, near Leven; another, of 28-33°4 cm., m March 
1913, after 296 days, off St. Monans; a third, of 28-33°8 cm., in April 1913, 
after 333 days, off Pittenweem; a fourth, of 28-33-8 cm., in April 1913, after 
346 days, off Buckhaven. In May 1913, after 381 days, a male, of 33:5-35-9 
cm., and described as “immature,” was caught, off Buchanness, at a distance of 
88 miles. 

Females.—Of the 26 females recaptured, the condition of the ovaries was 
recorded for 19. 

One was “spawning”; it was taken in March 1915, after 1031 days, to 
the east of the Bell Rock, at a distance of 39 miles; it measured 35:-5-43-7 cm. 
Another female, measuring 42°5-49-2 cm.. caught in January 1914, after 616 days, 
north of St. Abb’s Head, at a distance of 25 miles, was said to be “ripe.” A female, 
of 43-47:4 cm., caught in July 1913, after 418 days, 15 miles to the south and 
east, was described as “spent.” Another, of 46-47-2 cm., caught in December 
1912, after 207 days, 38 miles to the north and east, was “nearly ripe.” One, 
of 335-46 cm., caught in December 1914, after 957 days, at Aberdeen Bank, at 
a distance of 72 miles, was “ three-quarters ripe” ; another, of 36-41 cm., taken 
in January 1914, after 623 days, at Whitehills, Banff, in the Moray Firth, was 
“fully half ripe”? ; and one, of 38°5-44-1 cm., caught in September 1913, after 
482 days, south of Aberdeen Bank, at a distance of 57 miles, was “ about halt 
ripe. 

; Two of the 6 females whose ovaries were “immature” were recaptured in 
the spawning season, |, of 39-41-4 cm., in February 1913, off Largo, in the Firth 
of Forth ; the other, of 27°5-38:1 cm. (and thus just at adult size) was caught im 
April 1914, after 698 days, off Buchanness, at a distance of 90 miles. 
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EXPERIMENT X. 
26th March 1913. 


The number of plaice marked and liberated in this experiment was 100, 28 
being males, 71 females, and 1 whose sex was not ascertained. The males ranged 
in size from 30 to 39 cm., and 5 were under the adult size (33 cm.) ; the sizes of 
the females were from 31 to 59°5 cm., and 33 were under the adult siz» (38 cm.). 
In the following table they are arranged in 5-cm. groups :— 


em. cm. cm. cm. cm. cm. cm. 
25-30°5 31-35:5 36-40°5 41-45°5 46-50°5 51-55°5 56-60°5 Total. 


F. Lib. : Sf <ho— 23 24 18 2 3 ] 71 
F. Recap. . >: a 11 lle ih — — 1 36 
M. Lib. : ; 2 21 5 — — — -- 28 
M. Recap. . 2 1 14 5 — — — — 20 
Lib. . ._ = 1 — — — — — i 


? Recap. : a = a = = = == 


The fish used were taken by the “ Goldseeker ” at Station VI., in the Firth of 
Forth, off St. Monans, on the 26th March, and were liberated, all in good condition, 
after being in the tanks of running water for two hours and twenty minutes. 

The number recaptured was 56, or 56 per cent., viz. 20 males, or 71:4 per cent., 
and 36 females, or 50°7 per cent. 

Nineteen of the males were of adult size on recapture, namely, from 33 to 42 cm., 
with an average of 37°8 cm., as compared with a range of 30°5 to 39 em., and an 
average of 34°8 cm. on liberation ; they were at liberty for from 5 to 474 days, 
the mean being 216 days; the distances migrated varied from 24 to 301 miles, 
the mean being 74-7 miles, and the mean rate of movement 3°6 miles per 10 days. 

Of the females, 33 were of adult size on recapture, ranging from 38°4 to 61:9 cm., 
with a mean of 42°9 cm., as compared with 31 to 59°5 cm. and an average of 38°6 
em. on liberation ; the periods of freedom varied from 54 to 634 days, the average 
being 283 days ; the distances migrated ranged from 5 to 185 miles, with an average 
of 71:4 miles, and a mean rate of travel of 2°5 miles per 10 days. Three of the 
females were under the adult size, the average being 36°6 cm., as compared with 
36 cm. on liberation ; the average period of freedom was 60 days, and the mean 
distance travelled 11:8 miles, with a mean rate of 1:9 miles. 


Tur Extent AND DIRECTION OF MIGRATION. 


First Quarter.—In this period is included the remainder of the month of March, 
in which 2 males were recaptured, both in the Firth of Forth, and both “immature ” 
1, of 33-32°9 cm., was taken, after 2 days, off Largo, at a distance of 6 miles; 
the other, of 35°5-35'5 cm., was caught, after 5 days, off Pittenweem, at a distance 
of 6 miles. 

Four were caught in April, 3 males and 1 female, all within the Firth of Forth, 
and all “immature.” The female, which measured 37-37:2 cm., was taken off 
Largo, at a distance of 6 miles, after 30 days; all the males were recaptured off 
Pittenweem, at a distance of 44 miles, after 13, 14, and 16 days ; they measured 
36°5-36°4 cm., 35°5-35°7 em., and 37-37 cm., and were thus above the size of 
33 cm., assigned as the minimum size of the adult males. 

Six were recaptured in May, 2 males and 4 females, all “immature.” One of 
the males, measuring 34°5-35°2 em., was taken near Elie, in the Firth of Forth, 
after 54 days, at a distance of 23 miles ; the other male was caught to the east of 
the Isle of May, at a distance of 244 miles, after 46 days ; it measnxed 32°5-33 cm. 
Two of the females were found in the same direction as the last male, 1, measuring 
39°5-39°2 cm., at a distance of 164 miles, after 54 days, the other, measuring 35:5-- 
35 em., at a distance of 2( miles, after 36 days ; the third female was got north- 
east of the Bell Rock, at a distance of 39 miles, after 61 days ; it measured 37:5- 
38°4 cm.; the remaining female, of 39-39°3 cm., was taken, after 58 days, near 
Buchanness, at a distance of 86 miles. 
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Four of the plaice, all females, were caught in June. One, measuring 42°5- 
42:6 cm., and “spent,” was recaptured, after 73 days, 17 miles to the south-east ; 
another, of 41-41°5 cm., and also “spent,” was taken, after 90 days, 26 miles to 
the north-east, near the Bell Rock; the third female, measuring 39-39-9 em., 
and “immature,” was got, after 91 days, east of the Bell Rock, at a distance of 
283 miles; the fourth, of 425-44 cm., and “spent,” was taken, after 91 days, 
near Aberdeen Bank, at a distance of 59 miles. 

In the first quarter, therefore, 16 of the marked plaice, or 29°6 per cent. of the 
total recaptured, were taken, 7 of them within the Firth of Forth. 

Second Quarter—Two females were taken in July. One, measuring 35°5- 
37°7 cm., and “immature,” was recaptured, after 113 days, to the westward, 
near Dysart, Firth of Forth, at a distance of 94 miles ; the other was caught to the 
east of the Isle of May, at a distance of 28 miles, after 124 days ; it measured 
38:5-41°6 cm. ; the condition of the ovaries was not ascertained. 

In August, a male, measuring 33-35°5 cm., was recaptured, after 147 days, 
203 miles to the north-east. 

In September, a female, of 36-384 cm. and “half ripe,” was taken, after 
174 days, to the east of the Isle of May, at a distance of 48 miles. 

Thus, only 4 fishes, or 7-4 per cent., were recaptured in this quarter, 1 of them 
within the Firth of Forth. 

Third Quarter—In October, 2 females were recovered, both to the north and 
east ; 1, measuring 34°5-40°7 cm., was taken, after 198 days, near the Bell Rock, 
at a distance of 24 miles ; the other, of 36°5-41'8 cm., was caught, after 205 days, 
25 miles to the north and east. 

Four were recaptured in November, 2 females and 2 males. One of the males, 
measuring 30°5-37'4 em., and “immature,” was taken, after 226 days, near the 
Bell Rock, at a distance of 224 miles ; the other male, of 39-40°8 cm., and “ nearly 
ripe,’ was found in the same direction, at a distance of 164 miles, after 231 
days. One of the females, measuring 42-44°8 cm., and “half ripe,” was re- 
captured near the Bell Rock, after 221 days, at a distance of 26 miles ; the other 
female had gone much farther and was caught, after 222 days, near Buchanness, 
at a distance of 83 miles ; it measured 37°5-40°5 cm., and was “ three-quarters 
ripe.” 

In December, 1 male, measuring 33°5-38°6 em., and “‘immature,” was recaptured, 
after 259 days, also near Buchanness, at a distance of 89 miles. 

Thus, 7 fish, or 12°9 per cent., were recaptured in the third quarter, all outside 
the Firth of Forth. 

Fourth Quarter —In the fourth quarter, which comprises the greater part of 
the spawning period, the number of fishes captured was greater. In January 
1914, 1 male and 2 females were taken, all to the north and east. The male was 
got near Aberdeen Bank, at a distance of 70 miles, after 293 days ; it measured 
34-36°2 cm., and was “three-quarters ripe.” One of the females, measuring 
37-41°3 cm., and described as “immature,” was captured, after 302 days, near 
Aberdeen, at a distance of 71 miles; the other female, which measured 40-44°3 
cm., and was “ three-quarters ripe,” was taken off Banff, in the Moray Firth, at 
a distance of 135 miles, after 304 days. 

Six were got in February, 1 male and 5 females. One of the females, which 
measured 39°5-43'7 cm., was taken, after 328 days, 49 miles to the south and 
east, 6 miles N.E. of Longstone Light ; the condition of the ovaries was not re- 
corded. Two of the females were taken not far apart, near Aberdeen, | at a distance 
of 68 miles, after 329 days, and the other at a distance of 74 miles, after 339 days ; 
they were both described as “immature,” and measured respectively 35-39°8 
em., and 36°5-41°3 cm. Two females and the male were recaptured in the 
Moray Firth, 1 of the females, after 331 days, off Banff, at a distance of 135 miles ; 
it measured 33°5-41°3 em., and was “spent.” The other female was got nearly 
at the same place, after 337 days ; it measured 59°5-61:9 cm., and was “ spent.” 
The male was taken farther to the west, off Tarbet Ness, at a distance of 177 miles, 
after 336 days; this fish on liberation measured 33 cm., but neither the size on 
recapture nor the condition of the testes was ascertained. 

Ten of the plaice were recovered in March, 4 males and 6 females. Two of the 
females were got in the Firth of Forth, off Pittenweem, at a distance of 5 miles, 
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1, after 363 days, measuring 33-39°9 cm., and “immature,” and the other, of 
43°5-48 cm., after 365 days, and “spent.” A third fish, of 85°5-41 em., was taken, 
alter 352 days, at a distance of 26} miles to the north-east, “ spawning.’ Another 
female, which measured 42-44°9 cm., and was described as ‘‘ immature,’ was 
recaptured, after 345 days, 120 miles to the south and east, 35 miles 8.E. by H. of 
North Shields. The two remaining females were taken in the Moray Firth, 1, 
which measured 39-43°9 cm., after 340 days, south of Smith Bank, at a distance 
of 153 miles, the condition of the ovaries not being recorded ; the other, of 35 cm., 
on liberation, but of unknown size on recapture, was found, after 343 days, off 
Whitehills, Banff, at a distance of 135 miles ; it was “‘immature.” Three of the 
males were also recaptured in the Moray Firth, 1, measuring 35-41:6 em., and 
“ripe,” 25 miles north by east of Buckie (south-west of Smith Bank), after 343 days, 
the distance being 158 miles ; another, measuring 35°5-40°4 cm., and “ spawning,” 
was taken in the same locality, at a distance of 160 miles, after 344 days; the 
third was caught by a foreign trawler and landed at Ostend, the precise position 
of capture in the Moray Firth not being stated ; it measured 33°5 cm. on liberation, 
but no record was made of its size on recovery, or of the condition of the testes. 
One male had made its way to the west coast of Scotland, and was recaptured, 
after 351 days, at Gairloch, Ross-shire, a distance of 301 miles ; it measured 37- 
42 em., but the condition of the testes was not ascertained. 

In this quarter, therefore, 19 marked plaice, or 34:5 per cent., were recovered, 
2 in the Firth of Forth; 2 were taken to the south and east, and the others to 
the north and east. 

Thus, in the 12 months immediately following the lberation of the fish, 46, 
or 83°6 per cent., were recaptured ; the place of capture of one was not ascertained. 
All the other fish recovered were taken in the year 1914. Two were got in April, 
a female, of 31-42 cm., after 399 days, near Buchanness, at a distance of 85 miles, 
and a male, of 33-40 cm., after 379 days, at the mouth of the Moray Firth, at 
a distance of 135 miles; the condition of the reproductive organs was not ascer- 
tained for either of these fish. 

In May, 2 females were caught, 1, of 32°5-42°3 cm., and “immature,” after 
401 days, to the east of the Shetlands, at a distance of 185 miles, and the other, 
of 39-44°8 cm., and also “immature,” after 429 days, near Aberdeen, 65 miles 
away. 

Three were recaptured in July, a male, of 35-39°5 cm., alter 474 days, near 
Aberdeen, at a distance of 74 miles; a female, of 38°5-47:5 cm., after 464 days, 
off Buchanness, at a distance of 101 miles; and another female, of 37-5 cm. on 
liberation, but of unknown size on recapture, after 468 days, at the mouth of the 
Moray Firth, at a distance of 137 miles. Another female, of 34:5-40°8 cm., was 
recaptured in August, after 519 days, near Buchanness, at a distance of 88 miles ; 
and the last fish to be taken, a female, of 41°5-48°2 cm., and “nearly ripe,” 
was caught in December, after 634 days, near Aberdeen, at a distance of 74 
miles. 

Distances travelled.—Ten of the marked plaice, or 18-5 per cent., were recaptured 
at distances of from 24 to 94 miles, viz. 6 males (33°3 per cent.), with an avera ge 
of 4-7 miles, and 4 females (11-1 per cent.), with an average of 6-4 miles. They were 
all taken within the Firth of Forth, on the north shore, 6 off Pittenweem, 2 off 
Largo, | off Elie, and 1 off Dysart. 

10 to 20 miles.—Three, or 5:5 per cent., were got off the Isle of May, at 164 
and 174 miles, 1 male and 2 females, the male and 1 of the females to the north 
and east, and the other female te the south and east. 

Under 20 miles.—Thirteen fish, or 24:1 per cent., therefore, migrated journeys 
of less than 20 miles, 7 males (38°8 per cent.), with an average distance of 6:4 miles, 
and 6 females (16°6 per cent.), with an average of 9°9 miles. 

20 to 50 males.—Fourteen fish, or 25-9 per cent., travelled from 203 to 493 miles, 
namely, 3 males (16°6 per cent.), with an average of 22°5 miles, and 11 females 
(30°5 per cent.), with a mean distance of 31 miles. All the males were taken to 
the north and east, and 10 of the females, also to the north and east, the eleventh 
being got to the south and east. 

50 to 100 miles.—Thirteen fish, or 24:1 per cent., migrated distances of from 
59 to 89 miles, namely, 3 males (16-6 per cent.), with an average of 77:7 miles, 
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and 10 females (27-7 per cent.), with a mean of 75:4 miles. All these fish were 
found to the north and east, off the coast of Aberdeen. 

Over 100 miles.—Fitteen fish, or 27-7 per cent., went over 100 miles, namely, 
6 males (33:3 per cent.), with journeys of from 135 to 101 miles, and a mean of 
176 miles, and 9 females (25 per cent.), with distances of from 101 to 185 miles, 
and a mean of 137°3 miles. All the males and 8 of the females were taken to the 
northward, 10 of them in the Moray Firth, 1 off the Orkney Isles, and another 
on the west coast of Scotland. One of the females went to the south-east, and 
was captured off North Shields. * 

Ten of the fishes recaptured, or 18:2 per cent., were recovered within the Firth 
of Forth, 6 males (31-6 per cent.) and 4 females (11:1 per cent.) ; while 45, or 
81:8 per cent., had left the Firth ; of these, 10, 5 males and 5 females, were got 
in the Moray Firth. 


MATURITY. 
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Males.—One male was “spawning”; it measured 35:5-40-4 cm., and was 
taken in March 1914, after 344 days, to the south and west of Smith Bank, in 
the Moray Firth, at a distance of 160 miles. One male was described as “ ripe ” ; 
it was also taken in March 1914, in the same locality as the spawning male, at 
a distance of 158 miles. One male was “nearly ripe”; it measured 39-40°8 cm., 
and was captured in November 1913, after 231 days, to the east of the Isle of 
May, at a distance of 163 miles. A male, of 34-36°2 cm., taken in January 1914, 
alter 293 days, near Aberdeen Bank, at a distance of 70 miles, was “ three-quarters 
ripe.” 

Among the “immature” males, the following were taken within the limits 
of the spawning season, all within the Firth of Forth :—One, of 33-32°9 cm., at 
Largo, in March 1913, after 2 days ; another, also in March, after 5 days, at Pitten- 
weem, and measuring 35°5-35°5 cm. ; the third, taken in April 1913, after 13 days, 
was also got at Pittenweem, and measured 36°5-36:'4 cm.; a fourth, of 35°5- 
35:7 em., was taken in April, after 14 days, also off Pittenweem ; where yet another, 
of 37-37 cm., was found 2 days later. 

Females.—One female, of 35:5-41 cm., taken in March 1914, 263 miles to the 
north and east, was “spawning.” None was “ripe,” but 6 are described as 
“spent.” One of these was got in the Firth of Forth, near Pittenweem, a distance 
of 5 miles, in March 1914; it measured 43:5-48 cm.; another, 42°5-42°6 cm., 
was taken in June 1913, 17 miles to the south and east ; a third, of 41-41°5 em., 
was recovered, also in June 1913, 26 miles to the north and east ; the fourth was 
also recaptured in that month, 59 miles to the north and east ; it measured 42°5- 
44 cm.; the remaining 2 were got in the Moray Firth, in February 1914, both 
off Banff, at a distance of 135 miles; they were respectively, in length, 33-5- 
41-3 cm. and 59:5-61:'9 cm. One female was “nearly ripe”; it measured 41:5- 
48-2 cm., and was recaptured in December 1914, after 634 days, 74 miles to the 
north-east, near Aberdeen. Two were described as “three-quarters ripe”; 1 
was taken in November 1913, near Buchanness, at a distance of 83 miles; it 
measured 37:5-40°5 cm.; the other, of 40-44°3 cm., was recovered in January 
1914, off Banff, at a distance of 135 miles. Two were said to be “half ripe ” ; 
1 of them, of 36-38-4 cm., was found in September 1913, 484 miles to the north 
and east ; the other, measuring 42—-44°8 cm., was taken at a distance of 26 miles 
in the same direction, in November 1913. 

Of the 16 adult females recaptured, whose ovaries were ‘‘ immature,” 6 were 
taken within the spawning season; 1| of these was recaptured in January 1914, 
71 miles distant, off the coast of Aberdeen, and it measured 37—41°3 cm. ; another, 
of 36°5-41:3 cm., was taken in February 1914, in the same locality, at a distance 
of 74 miles; a third, measuring 35-39-8 cm., was found in the same neighbour: 
hood, also in February 1914, at 68 miles distant; a fourth was recaptured in 
the Moray Firth, off Whitehills, at a distance of 135 miles, in March 1914; it 
was 35 cm. on liberation, but on recapture it was not recorded ; a fifth, of 42- 
44-9 cm., was recovered off North Shields, at a distance of 120 miles to the south 
and east, in March 1914; and a sixth female, of 33-39:9 cm., was taken near 
Pittenweem, in the Firth of Forth, in March 1914. 
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EXPERIMENTS Av 3 Mites N.E. or Fipra Lian. 
Marked plaice were liberated on two occasions, near Fidra Light, in the Firth of 
Forth, near the south shore. The exact locality was 3 miles to the north-east of 
Fidra Island (Lat. 56° 6’ N.; Long. 2° 44’ W.), with a depth of about 27 fathoms. 


EXPERIMENT I. 
5th December 1912. 


The first experiment was made on 5th December 1912, when 100 marked plaice, 
comprising 41 males, 58 females, and 1 of unknown sex were liberated. The fish 
were trawled on the same day by the “ Goldseeker,” at the old “ Garland ” 
Station VI., in the Firth of Forth, viz. off Pittenweem. 

When liberated, the males measured from 27-5 to 47-5 em., and 11 were under 
adult size (33cm.). The sizes of the females varied from 27 to 51:5 em., and 21 were 
under adult size (38 cm.). 

The numbers liberated and recaptured, arranged in 5-cm. groups, are as 
follows :— 


ecm. cm. cm. cm. cm. cm. 
25-30°5 31-35°5 36-40°5 =941-45:5 =46-50°-5 = 51-55-54 ~—“ Total. 
F. Lib. : ; 1 8 24 16 8 1 58 
F. Recap. . ; = 8 18 9 6 = 4] 
M. Lib. : 3 18 13 6 1 a= 4] 
M. Recap. . ; 2 13 12 1 1 — 29 
@ Lib. . ; = i — — _ ie 1 
*Recap. . ship eas — a — == = 2 


Of the males recaptured, 25 were of adult size, ranging from 33-9 to 43:5 em.., 
and averaging 38°5 cm., as compared with a range of from 30 to 47-5 em., and an 
average of 35.9cm. on liberation ; they were at liberty for from 71 to 1124 days, the 
mean being 319 days; they migrated distances of from 11 to 271 miles, the average 
being 97°8 miles, and the mean rate of movement 3°5 miles. Four of the males 
were under adult size on recovery, averaging 31°5 cm., as against 31:2 cm. on 
liberation ; they were free for an average period of 110 days, and migrated from 
6 to 108 miles, the mean being 40 miles, and the mean rate of travel 3-6 miles. Of 
the females, 32 were of adult size on recapture, ranging from 38-3 to 50-9 em., and 
averaging 43-6 cm., as compared with a range of from 31-5 to 50 cm., and a mean of 
40-4 cm. on liberation ; they were at liberty for from 21 to 863 days, the mean 
being 329 days; they migrated distances of from 8 to 170 miles, the average being 
63 miles, and the mean rate of movement 1:9 miles. Nine of the females were 
under adult size on recapture, averaging 35°4 cm., as compared with 34:4 cm. on 
liberation ; they were at liberty for an average period of 126 days, and moved dis- 
tances of from 7 to 145 miles, the mean being 62:1 miles, and the mean rate of 
travel 4:9 miles. 


THe ExTeNT AND DIRECTION OF MIGRATION. 


First Quarter—Two females were recaptured in December, both in Aberdeen 
Bay, at a distance of 72 miles to the north and east, 1 after 21 days, and the other 
after 25 days, the rates of movement, respectively, being equal to 34:3 and 28-8 
miles per 10 days ; both were “ nearly ripe.” 

One male and 2 females were taken in January 1913; 1 of the females was found 
in the Firth of Forth, to the north-west of the station, off Largo, at a distance of 7 
miles; the other female was recaptured far offshore, at a distance of 67 miles 
E.S E. from Buchanness (Lat. 57° 21’ N., Long. 0° 20’ E.), at a distance of 127 
miles, the mean rate of travel being 22°3 miles per 10 days; the male was taken to 
the westward, at Aberdour, in the Firth of Forth, at 19 miles distant. 

Five males and 3 females were recaptured in February, all but 2 of the males 
to the north and east. One male was got in the Firth of Forth, off Wemyss, at a 
distance of 11 miles to the north and west ; another, 13 miles to the east and south 
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off the Isle of May; the third female, also in the Firth of Forth, off Pittenweem, 
9 iniles to the north and east ; 1 of the males, 11 miles to the north and east, near 
Fife Ness; a second, offshore, 8.8.E. of Aberdeen, at a distance of 57 miles to the 
north and east ; and a third, a little farther north, at a distance of 69 miles; the 
fourth was captured ofishore to the south-east of Buchanness, at 99 miles distant 
to the north and east; the fifth was found in the Moray Firth, off Dunbeath, 
Caithness, at a distance of 166 miles; the mean rate of movement of this fish was 
19-5 miles per 10 days. 

In this quarter, 13 of the marked plaice, or 18°6 per cent., were recovered, 
9 (69:2 per cent.) to the north and east, at an average distance of 76 miles in the 
mean direction N. 50° E.; 3 (23-1 per cent.) to the north and west, and 1 to the 
south and east. 

Second Quarter.— Five females and 3 males were recaptured in March 1913, all 
but 1 to the north and east ; the exception, a female, was taken in the Firth of 
Forth, near Largo, 7 miles to the north and west ; another female was recaptured off 
Pittenweem in the Firth of Forth, at a distance of 8 miles to the north and east ; 
a male was taken 27 miles to the north and east, near the Bell Rock, and a female off 
Fife Ness, at a distance of 15 miles. Three of the fish, 2 females and a male, were 
found in the Moray Firth, the 2 females off Banff, at a distance of 145 miles, and the 
male on the west side of Smith Bank, at a distance of 163 miles ; the remaining male 
was caught south-east from Auskerry, Orkney Isles, at a distance of 191 miles. 
The mean rates of movement of the 3 fish found in the Moray Firth were respectively 
12:5, 13:5, and 18°3 miles, and that of the fish which went to the Orkneys, 18-9 
miles per 10 days. 

Three males and 3 females were taken in April, all to the north and east ; 1 of 
the females was recaptured off Pittenweem, in the Firth of Forth, at a distance of 
9 miles; another was taken offshore, south-east of Aberdeen, at a distance of 57 
miles; another was caught near Buchanness, at a distance of 84 miles, and 1 in 
Peterhead Bay, 90 miles away; another male was taken north-east of Rattray 
Head, at 108 miles distant, and a female near Berriedale Ness, Moray Firth, at a 
distance of 170 miles. 

One male and 4 females were taken in May, the male in the Firth of Forth, near 
Largo, at a distance of 6 miles to the north and west, and 1 of the females 31 miles 
to the eastwards, offshore. The other 3 females were found to the north and east, 
1 at a distance of 14 miles, north-east of the Isle of May, 1 far offshore, south-east 
of Buchanness, at a distance of 97 miles, and the other near Buchanness, at a 
distance of 91 miles. 

In this quarter, therefore, 19 of the marked plaice, or 27:1 per cent., were 
recaptured, 16 (84:2 per cent.) to the north and east, at an average distance of 88 
miles in the mean direction N. 47° W. ; 2 (10-5 per cent.) to the north and west, and 
1 to the south and east. 

Third Quarter.—Two males and 2 females were recovered in June, all to the 
north and east, rather offshore, at distances of 37, 43, 43, and 58 miles. 

None was recovered in July or August, so that these 4 fish represent all the 
recaptures in this quarter, or 5-7 per cent. 

Fourth Quarter—Two females were taken in September, both to the north and 
east, 1 south-east of Aberdeen, at a distance of 52 miles, and the other near Buchan- 
ness, at a distance of 83 miles. 

Three males and 2 females were found in October, all to the north and east. 
A male was caught east of the Bell Rock, at a distance of 28 » iles,and | fen ale far 
ofishore, north-east of the Bell Rock, at a distance of 81 miles; the other female 
was recaptured near Buchanness, at a distance of 83 miles, and the remaining 2 
males off Noss Head, Caithness, at distances of 160 and 167 miles. 

A male was recaptured in November, off Tod Head, at a distance of 57 miles 
to the north and east. 

Thus, in the fourth quarter, 8 of the marked plaice, or 11:4 per cent., were 
taken, all to the north and east, at an average distance of 89 miles in the mean 
direction N. 50° H. 

In the 12 months after liberation, 44, or 62°8 per cent., were recovered, 37 
(84-1 per cent.) to the north and east ; 5 (11:4 per cent.) to the north and west, and 2 
to the south and east. The quarterly charts are remarkable as showing the pre- 
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‘ponderating migration northwards along the coast. Hight were taken within the 
Firth of Forth, and all the others to the north of the station. 9 being caught north 
of Rattray Head, on the north-east coast of Scotland. 

Of the remaining fish, 3 were taken in 1913, 20 in 1914, 2 in 1915, and 1 in 1916. 
Three males were captured i in December 1913, 1, 23 miles to the north and east, 
to the east of the Isle of May, 1 off Noss Head, in the Moray Firth, at a distance of 
155 miles to the north and east, and 1 at ‘“Smith’s Knoll,” off Yarmouth (Lat. 
_ 62° 50’ N., Long. 2° 15’ E.), at 271 miles distant to the south and east. The fish 
taken off Noss Head had moved at the mean rate of 4:1 miles per 10 days, and the 
caught at “ Smith’s Knoll,” at 6-9 miles. 

In January 1914, 1 male and 3 females were recaptured, all to the north and 
east, 2 females off the coast of Aberdeenshire, at distances of 71 and 72 miles, and 
the other female and the male in the Moray Firth, off Banff, at a distance of 145 


’ A male was taken in February, south-east of Aberdeen, at a distance of 68 miles. 
In March, 3 males and 4 females were recaptured, but the position of capture of 
‘one of the males was not ascertained. One female migrated in a southerly direc- 

tion, and was taken 24 miles EH. 3 8. of Hartlepool, at a distance of 113 miles to 
the south and east. All the others migrated to the north and east, the 2 males 
for 19 and 40 miles respectively, and the 3 females for 18, 24, and 33 miles. Two 
females were recovered in April, both to the north and east. 1 south-east of A ber- 
deen, at 72 miles distant, and 1 near Buchanness, at a distance of 86 miles. A 
female was taken in May, far offshore, south-east of Aberdeen, at a distance of 
106 miles ; another female, in June, north of Kinnaird Head, at a distance of 122 
miles to the north and east ; another female in July, north-east of Rattray Head, 
at 113 miles to the north and east, and in August, 2 females at 16 and 17 miles 
to the north and east. None was taken in September, but in October a female 
was recaptured at an unknown place ; it was found in a box of fish at Birmmgham 
and forwarded to the ‘“ Fish Trades Gazette ” in London, and the port of landing 
is said to be Milford Haven. 

In April 1915, after 863 days, a large female, which measured 50 cm. on libera- 
tion, but whose size on recapture was not recorded, was taken 20 miles to the 
north and east. In June, a male was captured, near Buchanness, 91 miles to the 
north and east. 

In January 1916, after 1124 days, a male, which measured 47°5 cm. on libera- 

_ tion, was caught “inside of May Isle,” at an unknown place. 

_ The chart, on which the lines of migration are represented for the whole experi- 
Irent, shows a great predominance of migration northwards, along the coast, and 
spreading eastwards to the north of the Bell Rock, and off the coast of Aberdeen. 
Only two of the marked fish recaptured were taken to the south of the Firth of 
Forth, while 10 were got in the Moray Firth, or at its entrance, and 14 north of 
Rattray Head. 

Distances migrated—10 miles and under.—Six, or 89 per cent., were found at 
distances of from 6 to 9 miles, | male and 5 females (12°5 per cent.), the former 
at a distance of 6 miles, and the latter at 8 miles on an average. The male and 
2 of the females went to the north and west, and the others to the north and east, 
but all were recaptured within the Firth of Forth. 

10 to 20 miles.—Ten, or 14:9 per cent., were got at distances of from 11 to 19 
miles, 3 males (11-1 per cent.), with an average of 16°3 miles, and 7 females (17°5 per 
cent. ), with an average of 14°7 miles. ‘Two of the males and 5 of the females were 
found to the north and east, 1 male and 1 female to the north and west, anda female 
to the south and east. A male and female were recaptured in the Firth of Forth. 

Thus, at distances under 20 miles, 16, or 23:9 per cent., were recaptured, 4 
males (14 8 per cent.), with an average of 13°7 miles, and 12 females (30 per cent.), 
with a mean of 12 miles. 

20 to 50 miles.—Hleven, or 16°4 per cent., moved from 20 to 43 miles, 5 males 
(18°5 per cent.), with an average of 31 miles, and 6 females (15 per cent.), with a 
mean of 32°3 miles. All the males and 5 of the females were taken to the north 
and east, and | female to the east and south. 

50 to 100 miles—Twenty-two, or 32°8 per cent., were recaptured at distances 
of from 52 to 99 miles, 9 males (33°3 per cent.), with an average of 74°8 miles, and 
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13 females (32°5 per cent.), with a mean of 75 miles. All were recaptured to the 
north and east, mostly off the coast of Aberdeenshire. 

Over 100 miles.—Highteen, or 26°9 per cent., were got at distances of from 
106 to 271 miles, viz. 9 males (33°3 per cent.), with an average of 169-7 miles, and 
9 females (22°5 per cent.), with an average of 132 miles. All the males but one, 
and all the females but one, were found to the north and east, mostly in the Moray 
Firth, or offshore ; 1 male was taken at Smith’s Knoll, off the coast of Norfolk, 
ata distance of 271 miles to the south and east, and 1 of the females off Hartlepool, 
at a distance of 113 miles in the same direction. 


Matruriry. 


Males.—The condition of the testes was recorded for 26 of the 29 recaptured. 

Nine were described as “‘ spawning,” an unusual number, and all were taken 
to the north and east, 1 at a distance of 11 miles, and the others at distances of 
from 40 to 166 miles. Two were caught in February 1913 and January 1914, in 
the Moray Firth, at distances respectively of 166 and 145 miles ; 2 were taken off 
Buchanness, | in February 1913, and the other in June 1915. | 

Two were said to be “ripe,” 1 found in March 1915, off Auskerry, at a distance 
of 191 miles to the north and east ; the other, in December 1913, at a distance of 
23 miles to the north and east. 

One was “spent.” It was recaptured off Bell Rock, 19 miles to the north-east, 
after 480 days. 

Three were “nearly ripe,’ 1 taken in November 1913, 57 miles to the north 
and east, near Tod Head; 1 in October 1913, in the Moray Firth, off Noss Head, 
at a distance of 167 miles; the third, in December 1913, also off Noss Head, at 
155 miles distant. 

Among those whose testes were “immature,” was one, measuring 35°5-35°9 cm., 
taken in February 1913, 57 miles to the north and east, and another, of 39-39°8 em., 
caught in April 1913, 90 miles to the north and east, in Peterhead Bay. 

Females.—The condition of the ovaries was ascertained in 36 of the 41 recaptured. 
One, taken in March 1914, north-east of the Bell Rock, at 33 miles to the north 
and east, was “spawning.” 

Two were described as “ ripe,” 1 taken in January 1914, 71 miles to the north 
and east, off Aberdeen ; the other, caught in May 1914, 106 miles to the north and 
east, far offshore. 

Five were described as “spent,” 1 caught im March 1913, in the Moray Firth, 
off Banff, at a distance of 145 miles; another, got in April 1913, within the 
Firth of Forth, off Pittenweem, at a distance of 9 miles; the third, n May 
1913, south-east of Buchanness, at a distance of 97 miles to the north and east ; 
the fourth, in April 1914, 72 miles to the north and east, off Aberdeen ; and the 
last, in March 1914, at a distance of 24 miles to the north and east, near the 
Bell Rock. 

Three were said to be “nearly ripe,” 1 captured in December 1912, 72 miles 
to the north and east, off Aberdeen ; 1 ir January 1914, in the Moray Firth, off 
Macduff, at 145 miles distant ; the third, in March 1914, 113 miles to the south 
and east, off Hartlepool. 

Among those of adult size which were described as ‘“‘ immature,” the following 
were taken within the limits of the spawning season :—One, in January 1914, 
which measured 36°5-43°7 cm., and was caught 72 miles to the north and east, 
off Aberdeen ; 1, in February 1913, measuring 40-40°2 em., recovered off Pitten- 
ween, in the Firth of Forth, at a distance of 9 miles ; 2, in March 1913, measuring 
respectively 37°5-38°3 em. and 39-39°4 cm., within the Firth of Forth, off Pitten- 
weem, at 8 and 15 miles distant ; another female, recaptured in March 1914, 18 
miles to the north and east, measuring 44°5-48°9 em. 

Among those under adult size, 2 were described as “spent,” 1 taken off Banff, 
in the Moray Forth, 145 miles to the north and east, in March 1913, and measuring 
37°5-37°8 cm. ; the other, which measured 31°5-36°9 cm., was recaptured in April 
1914, off Buchanness, 86 miles to the north and east. There was also one described 
as “nearly ripe,” which measured 37:5-37°5 cm., and was taken in December 
1912, 72 miles to the north and east. 
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EXPERIMENT I. 
30th May 1913. 


In the second experiment at this station, which was made on 30th May 1913, 
100 fish were liberated, consisting of 40 males, 59 females. and 1 whose sex was not 
ascertained. The males ranged in size from 27:5-41 cm., and 28 were under adult 
size. The females varied from 28°5 to 56°6 cm., and 43 were under adult size on 
liberation. 

The numbers liberated and recaptured, arranged in 5-cm. groups, were as 
follows :— 


cm. cm. cm. cm. em. cm. cm. 
25-30°5 31-35°5 = 36-40°5 41-45°5 46-50°5 51-55°5 =56-60°5 Total. 


F. Lib. : 9 28 10 7 2 i 2 59 
F. Recap. . 4 15 4 4 1 — — 28 
M. Lib. : 12 26 1 1 — — — 40 
M. Recap. . 6 16 1 = — _ ~. 23 
? Lib. . : — 1 = -- — — — 1 
Recap. . — 1 — o — _— 1 


The fish used in this experiment were trawled by the ‘“ Goldseeker”’ on the 
same day at the “ Garland ” Station II.,in the Firth of Forth, ¢.e. im the North Bay, 
off West Wemyss. 

The number recaptured was 52 (52 per cent.), comprising 23 males (57:5 per 
cent.), 28 females (47:5 per cent.), and the fish of unknown sex. All the males 
recaptured were of adult size, ranging from 34 to 43-5 cm., and averaging 37°3 cm., 
as compared with a range of from 27-5 to 36°5 cm. and a mean of 32°1 cm. on libera- 
tion ; they were at liberty for from 99 to 981 days, the mean being 393 days ; they 
migrated distances of from 6 to 204 miles, the average being 54 miles, and the 
mean rate of movement, 1:4 miles. Twenty of the females were of adult size, 
averaging 41:6 cm., and varying from 38-4 to 50°3 cm., as against a range of from 
31°5 to 48°5 cm., and an average of 36°5 cm. on liberation ; they were at liberty for 
from 161 to 815 days, the average being 359 days ; they travelled from 6 to 145 
miles, the mean being 57-3 miles, and the average rate of movement 1-6 miles per 
10 days. Eight of the females were under the adult size, averaging 36°5 cm., as 
compared with 31:2 cm. on liberation; they were free for a mean period of 390 
days, and moved from 7 to 88 miles, the average being 35°5 miles, and the mean 
rate, ‘9 mile per 10 days. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—None of the marked fish was recaptured in the first 3 months 
following liberation. 

Second Quarter—A male was taken in September, after 99 days, off Wemyss 
Castle, in the Firth of Forth, at a distance of 10 miles to the north and west. 

In November, a male and a female were captured, both to the north and east, at 
distances of 16 and 22 miles respectively. Only 3 fish were thus recovered in the 
second quarter. 

Third Quarter —Two males and | of unknown sex were recaptured in December 
1913, the 2 males to the north and east, at distances of 22 and 26 miles, near the 
Bell Rock. The fish of unknown sex was captured 167 miles to the south and east, 
28 miles N.E. by N. of Spurn Head ; the mean rate of movement in this case was 
8 miles per 10 days. 

In January 1914, 1 male and 2 females were got, all to the north and east, the 
2 females to the south-east of Aberdeen, offshore, at distances of 67 and 73 miles 
respectively, while the male was recaptured in the Moray Firth, off Banff, at 145 
miles distant. 

Three males and 3 females were taken in February 1914, one of the males in the 
Firth of Forth, 10 miles to the west and south; a fare was also taken in the 
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Firth of Forth, at a distance of 7 miles to the north and west ; all the other fish were 
recaptured to the north and east, 1 of the males near Aberdeen, at 70 miles, the 
other male south-east of Aberdeen, at a distance of 67 miles, 1 of the females east of 
the Isle of May, at a distance of 20 miles, and the other in the Moray Firth, off 
Banff, at a distance of 145 miles. 

Thus, in this quarter, 12 fish, or 23-1 per cent., were recovered, 9 (75 per cent.) 
to the north and east, at a mean distance of 70 miles in the mean direction N. 51° E., 
and | each to the north and west, to the south and east, and to the south and west. 

Fourth Quarter —In March 1914, 3 males and 8 females were got ; 1 of the males 
was taken 60 miles to the south and east, east of Longstone Light, Northumberland ; 
another, 18 miles to the north and east ; and the third, 85 miles to the north and 
east, near Buchanness ; 2 of the females migrated to the south and east, 1 to north- 
east of St. Abb’s Head, a distance of 26 miles, and another to 22 miles 8.E. by 
EK. 1S. from North Shields, a distance of 105 miles; 3 were found in the Firth of 
Forth, 1 off Pittenweem, 6 miles to the north-east, and 2 off Buckhaven, 10 miles 
away to the north arid west ; another female was captured 15 miles to the north 
and east, and 1, 76 miles in the same direction, east of Aberdeen ; the remaining 
female was found in the Moray Firth, but the precise position was not ascertained. 

In April, 2 males and 2 females were recaptured, all to the north and east, 1 of 
the males at a distance of 23 miles, and 1 of the females at 35 miles ; the other female 
was taken off Kinnaird Head, at 119 miles distant to the north and east, and the 
other male in the Moray Firth, close to Noss Head, at a distance of 170 miles. 

One male and 3 females were recaptured in May, the male 10 miles to the south 
and east, and all the females to the north and east, 1 south-east of Aberdeen, at a 
distance of 68 miles, the other 2 off Rattray Head, at distances of 104 and 107 miles 
respectively. 

In the fourth quarter, therefore, 19 fishes, or 36°5 per cent., were recaptured, 
13 (68 per cent.) to the north and east, at an average distance of 69 miles, in the 
mean direction N. 49° E., 4 (21 per cent.) to the south and east, and 2 to the north 
and west. 

Thus, in the 12 months after liberation, 34 of the marked plaice, or 65:4 per 
cent., were recaptured, 24 (71 per cent.) to the north and east, 5 (14-9 per cent.) to 
the south and east, 4 to the north and west, and | to the south and west. 

Of the remaining fishes in this experiment, 10 were recaptured in the remainder 
of 1914, 7in 1915, and 1 in 1916. 

In June 1914, a female was taken 73 miles to the north and east, off Aberdeen. 
In July, 2 females were got, 1 at a distance of 23 miles to the north and east, the 
other at 77 miles distant to the north and east, north-east of Aberdeen. In August, 
2 males were recaptured, 1, 13 miles to the north and east, and the other 12 miles 
to the south and east. In September, 2 males and a female were caught, both 
the males in the Firth of Forth, 1 off Pittenweem, 6 miles to the north east, the 
other off Largo, 9 miles to the north and west ; the female was taken 25 miles to the 
south and east, off St. Abb’s Head. A male and a female were recaptured in October, 
the male (which was landed at Dundee) described vaguely as having been recap- 
tured ‘‘ 8 miles east of the Firth of Forth ” ; the female was taken east of the Isle of 
May, at a distance of 18 miles to the north and east. 

A female was recovered in January 1915, at a distance of 88 miles to the north 
and east, offshore, to the south-east of Aberdeen. Another female was taken in 
March, after 665 days, off Dysart, in the Firth of Forth, 11 miles to the north and 
west. In April, 2 males and a female were got, the latter 13 miles to the north and 
east, 1 of the females 35 miles in the same direction, and the other male 68 miles 
K. by N. of Grimsby, at a distance of 204 miles to the south and east. A male anda 
female were taken in August, the male off Gosford, on the south shore of the Firth of 
Forth, at a distance of 9 miles to the south-west, and the female 29 miles to the 
north and east, off the Bell Rock. 

The last fish to be captured was a male, which was taken in February 1916, 
alter 981 days, 27 miles E. ? 8S. of Flamborough Head, 168 miles away to the south 
and east. 

While the general features of the lines of migration, as shown in the chart for 
the whole experiment, are very similar to those in the former experiment, in March, 
it differs in this respect, that 5 of the recaptured plaice were taken to the south of the 
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Firth of Forth, 4 of them off the English coast, as far south as off Spurn Point and 
Grimsby. 

Distances travelled—1l0 miles and under.—Ten of the marked plaice, or 20 per 
cent., were recaptured at distances of from 6 to 10 miles, 6 males (27-3 per cent.), 
with an average of 9 miles, and 4 females (14°8 per cent.), with an average of 8} 
miles. Five of the males, and all the females, were taken in the Firth of Forth, 
and 1 male 10 miles to the eastward. 

10 to 20 miles.—Hight fish, or 16 per cent., were found at distances of from 11 to 
18 miles, 4 males (18-2 per cent.), with an average of 15 miles, and 4 females (14:8 
per cent.), with an average of 144 miles. Three of the males and 3 of the females 
were taken to the north and east, 1 of the males to the south and east, and 1 of the 
females to the westward, within the Firth of Forth, near Dysart, at a distance of 
11 miles. 

Thus, 18 fish, or 36 per cent., were recaptured at distances under 20 miles, 10 
males (45-4 per cent.), with an average of 11-3 miles, 8 females (29°6 per cent.), with 
a mean of 11:25 miles. Ten of these were taken within the Firth of Forth. 

20 to 50 miles.—Eleven, or 22 per cent., were recaptured. at distances of from 
20 to 35 miles, 4 males (18-2 per cent.), with an average of 26°5 miles, and 7 females 
(25-9 per cent.), with an average of 25:7 miles. All the males and 5 of the females 
were found to the north and east, the 2 remaining females being recaptured to the 
south and east. 

50 to 100 miles.—Eleven fish, or 22 per cent., were found at distances of from 
60 to 88 miles, 4 males (18°2 per cent.), with an average of 70°5 miles, and 7 females 
(25:9 per cent.), with anaverage of 74°6 miles. Three of the males and all the females 
had migrated to the north and east ; the remaining male was found to the south 
and east, off North Shields. 

Over 100 miles.—Ten fish, or 20 per cent., were got at distances of from 104 to 
204 miles, 4 males (18°2 per cent.), with an average of 171°7 miles, 5 females (18°5 
per cent.), with a mean of 116 miles, and | of unknown sex, which went 167 miles 
to the south and east. Of the males, 2, and of the females, 4, were taken to the 
north and east, the 2 males and 1 of the females in the Moray Firth, the remaining 
2 males and i of the females to the south and east, off the English coast. 


Maturity. 


Males.—The condition of the testes of 16 of the 23 recaptured was asertained. 

One, taken in March 1914, 18 miles to the north and east, was described as 
“ripe.” Two were “nearly ripe,” both found to the north and east, one at a 
distance of 22 miles, the other off Whitehills, Banff, at a distance of 145 miles. 

Among those of adult size on recapture, whose reproductive organs were “ im- 
mature,” were the following taken within the limits of the spawning season :— 
Three, in February 1914, 2 measuring 31°5-36°3 cm. and 32°5-38 cm., at 67 and 
70 miles respectively to the north and east ; the third measured 3134-1 cm., and 
was taken near Gosford, in the Firth of Forth, at a distance of 10 miles; 1, 
measuring 33-37°3 cm., was recaptured in March 1914, near Buchanness, 85 miles 
to the north and east. 

Females.—The condition of the ovaries was ascertained in 26 of the 28 females 
recaptured. One, caught in March 1914, 26 miles to the south and east, off St. 
Abb’s Head, was described as “ ripe.” 

Two were said to be “spent,” 1 taken in April 1914, 35 miles to the north 
and east, the other in April 1915, 13 miles in the same direction. 

Two were “three-quarters ripe,” one caught in February 1914, off Banff, in 
the Moray Firth, at a distance of 145 miles, the other taken in October 1914, 18 miles 
to the north and east. 

Among the females of adult size whose ovaries were “‘immature,”’ the following 
were taken within the spawning season :—In January 1914, 1, of 34°5-39°7 em., 
caught 73 miles to the north and east ; 1, of 36-40°5 em., taken in February 1914, 
20 miles to the north and east ; 4 recaptured in March 1914, 3 to the north and 
east, at 6, 15, and 76 miles respectively, and measuring 32°5-38'°5 em., 34-411 
em., and 35-384 cm.; the remaining female measured 48°5-50°3 cm., and was 
caught 105 miles to the south and east, 


86 


Among those under adult size (38 cm.) on recapture, was one described as 
“spawning” ; it measured 34°5-37°6 em., and was found in January 1914, 67 miles 
to the north and east, south-east of Aberdeen. 


EXPERIMENTS AT Twenty Miues East oF Isue oF May. 


At this position, which lies about Lat. 56°17’ N.; Long. 1° 58’ W., where the 
depth is 29 fathoms, 10 experiments with marked plaice were made, extending 
from 28th November 1910 to 26th March 1913. 

The number of fish liberated was 961, consisting of 352 males, 597 females, 
and 12 whose sexes were not determined. 

Six hundred and forty-three, or 66°9 per cent., were recaptured, viz. 239 males 
(67:9 per cent.), 402 females (67°3 per cent.), and 2 of undistinguished sex (16°6 
per cent.). 

Particulars for each of these experiments are given in the following table :— 


No. of Fish. 

Percentages 
No of Recaptured. 
Experi- Date. Marked. Recaptured. 

ment. 


$.| 2 | (2) |Total.| 6 | @ | (2) |Total.| -2 9 | (2) | Total. 


Ie |e2o Nove LOMO 3S |re59R al 98 28) 43] — 71. | 73°7 | 72°9 | — |) 724 
Hy |) Pak ewes HTN I PAO 3X0) |) al 51 13) 22) — 35 | 65° | 73°3| — | 68°6 
IU es = |} 22) ely ores USBF 16] 33] 2 il 9} 19) — 28 | 56:2) 576] — 54°9 
Vis Oem | TOT eee 24528) ed 5B) |) AD 2A) al 41 | 833] 71:4 |(100°)| 75:5 
V. | 11 Sept. 1911. | 49) 56) — | 105 30] 34} — 64 | 61:2] 60°7| — | 60°9 
Wale 7 Mar. 1912. | 22] 78} — | 100 13] 60) — 73 | 591 1769 73° 
VII. 24 Apr. 1912. Zila eel 3 101 21) | 54 1 716 007 | GS Srsel aioe 
VIII. 10 May 1912. 43) 56] 1 100 26} 383} — 59 | 60°4/58°9| — | 59° 
IDs 6 Dec. 1912. FOut22:) 2)) 202 55| 77| — | 182 | 70°5 | 63:1) — | 65:3 
X. | 26 Mar. 1913. | 35) 64 1 100 24} 40) — 64 | 68°6 | 62°5 | — 64° 
352 |597] 12 | 961 | 239/402) 2 | 643 | 67°9 | 67°3| 16°6| 66:9 


EXPERIMENT I. 
28th November 1910. 


The number of plaice marked and liberated in this experiment was 98, consisting 
of 38 males, 59 females, and 1 whose sex was not ascertained. The sizes of the 
males ranged from 33-40°5 cm., and the sizes of the females from 32-53 cm, The 
sizes, In 5-em. groups, are shown in the subjoined table :— 


em. em. em. em. cm. 
31-35°5 36-40°5 4145-5 46-50°5 51-55°5 Total. 
F. Lib. : : 13 30 15 — 1 59 
F. Recap. : ; 11 20 11 — 1 43 
M. Lib. . : : 17 21 = “= — 38 
M. Recap. : : 12 16 — — — 28 
? Sex Lib. : 1 — — _ = 1 


?Sex Recap. . ; — == site Le me! e=. 


The fish which were marked in this experiment were caught at Station VI. 
Firth of Forth (off St. Monans), at 4 p.m. on the 28th November 1910, and were 
marked and kept in tubs, with a good circulation of water, until 7 p.m., when 
they were liberated. 

The number recaptured was 71, or 72:4 per cent., of ,those liberated ; 28, or 
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73°7 per cent., of the males were recaptured, and 43, or 72°9 per cent. of the females. 
Of the males recaptured, 12 belonged to the smaller group and 16 to the larger. 
Among the females recaptured, 11 belonged to the first group (31-35°5 cm.) ; 20 
belonged to the next group ; 11 to the group measuring from 41-45°5 cm. ; and the 
female over 51 cm. on liberation was also recaptured. All the males recaptured 
were of adult size (33 cm. or over), and the particulars in regard to them are as 
follows :—They had been at liberty for periods varying from 8 to no less than 
1892 days, the average being 254°5 days. Their average size on liberation was 
36°5 cm. and on recapture 38°2 cm. The position of recapture of 26 of the fishes 
was ascertained, and the distances migrated varied from 3°5 to 215 miles, the mean 
distance being 7674 miles, and the mean rate 3°9 miles per 10 days. Of the females, 
35 were of adult size on recapture ; they had been at liberty for from 10 to 1566 
days, the average being 375 days ; their average size on liberation was 39°6 cm. 
and on recapture 43°6 cm.; the distances migrated (in the 33 cases in which it was 
ascertained) varied from 3°5 to 184 miles, the average distance being 64°8 miles, 
and the average rate of travel 1°78 miles per 10 days. The other 8 females were 
under adult size on recapture, the mean size being (in the 5 cases ascertained) 
35:1 cm., both on liberation and on recapture ; the periods of freedom varied from 
3 to 462 days, the average being 95°7 days; the distances travelled (ascertained 
in 7 cases) was from 2 to 58 miles, the mean distance beg 16°8 miles, and the 
mean rate of travel 3°9 miles per 10 days. 


THE EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—Of the 98 fishes liberated, 9 were recaptured in the following 
month, December 1910, viz. 4 males and 5 females. Four had migrated short 
distances of from 2 to 7 miles; 3 of these were immature females, and 1 was a 
male. Of the other 5,2 had moved 13 miles, 1, an adult female, which was ‘“‘ almost 
ripe,” to the south-east of the Isle of May, the other, an adult male, also “ almost 
ripe,” to the north-east of the island. Another male, described as “immature,”’ 
but measuring 38 cm. when hberated, was taken 15 miles away, to the north-east 
of St. Abb’s Head. Of the remaining 2,a female had travelled 56 miles north-east, 
and was taken off Aberdeen only 10 days after liberation ; it was “nearly ripe.” 
The other, a male, described as “three-quarters mature,” had also gone north-east, 
and was taken at a distance of 76 miles, off Peterhead, after 20 days. 

In January 1911—after about two months’ freedom—l11 of the marked plaice 
were recaptured, viz. 5 malesand 6 females. One of the males (33'3 cm.), described 
as “ quite immature,” was caught 5 miles distant, and another, 13 miles, to the 
south-east of the Isle of May. Of the others, 7 (both males and females) had 
moved to the north-east, and were taken at distances ranging from 19 to 113 miles, 
mostly off the coast of Aberdeen ; but 1, a female 39 cm. in Jength, and “ nearly 
ripe,” off Banff, in the Moray Firth. Most of these fish were approaching maturity. 
Of the 2 remaining, | was caught 16 miles to the south-east, off St. Abb’s Head, 
and was “immature”; the other, a male, described as “‘ maturing,” was taken 
to the north-west, south-east of Montrose, 26 miles distant. 

Six were recaptured in February, 4 males and 2 females, all to the north-east 
—4 off the coast of Aberdeen, and 2 in the Moray Firth, off Banff, the distances 
travelled ranging from 36 to 113 miles. All these fish were described as “ almost 
ripe,” or “ spawning,” except 1 male which was “immature,” but as it was 35 em. 
long, it may in reality have been “ spent.” 

Thus in the first 3 months, December 1910 and January and February 1911, 
26 fishes were recaptured (or 36°6 per cent. of the total number recaptured). 
Thirteen were males and 13 were females (or respectively 46°4 per cent. of the 
total males, and 30-2 per cent. of the total females recaptured). Some of the 
fishes had moved considerable distances, over 100 miles, and as the table shows 
(and the chart indicates in a striking manner) the largest number had moved north 
and east along the coast. Fifteen (or 57:7 per cent. of those taken in this quarter) 
had migrated for an average distance of 62 miles N. 19° E. at rates varying from 
3°8 to no less than 56 miles per 10 days, the mean rate being 14:2 miles. Three 
(or 11-5 per cent.) had moved in the mean direction N. 49° W. for from 2 to 26 miles, 
the average being 13 miles and the average rate 5°8 miles per 10 days. Four 
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(or 15-4 per cent.) had migrated an average distance of 8 miles in the mean direc- 
tion 8. 30° E., at a mean rate of 6°8 miles per 10 days. Four (or 15:4 per cent.) 
had moved an average distance of 11 miles 8. 57° W., at an average rate of 7 miles 
per 10 days. 

It will thus be seen that the predominant migration was along the coast to 
the northwards, 3 of the fishes beg caught in the Moray Firth, off Banff, and, 
from the condition of the reproductive organs and the rapidity of movement, 
it is clear that the migration northwards was a spawning migration. One of the 
fishes, a female of 43:5 cm., had travelled to the north-east of Aberdeen in 10 
days, or at the rate of 5-6 miles per day; a male, of 38:5 cm., had migrated 
76 miles in 20 days, or at the rate of 3:8 miles per day, and was recaptured off 
Peterhead. 

Of the 16 fishes which were got to the northward of the station, all were “ ripe,” 
“almost ripe,” “approaching ripeness,” or “spawning,” except 4, which were 
“immature,” namely, a male of 35 cm. which was caught off Aberdeen, and 3 
females, 1 measuring 37:5 cm., another 38 cm., got off Aberdeen, and the third, 
measuring 34.5 cm., taken near the Bell Rock. On the other hand, of 10 fishes 
got to the south or eastward of the station, and 1egarding 8 of which the condition 
of the reproductive organs was determined, all were “immature ” except 2, namely, 
a female, of 44:5 cm., which was caught after 31 days 13 miles south and west, 
“almost ripe,” and a male, of 40°5 cm., got not far from the same position, after 
19 days, also “almost ripe.” There is other evidence that the plaice spawn in 
this neighbourhood. 

Second Quarter.—In the next 3 months, March, April, and May 1911, 15 fishes 
were recaptured (or 21 per cent. of the total recaptured), 7 (or 25 per cent.) being 
males, and 8 (or 18:6 per cent.) being females. The position of recapture of 14 
of the fishes was ascertained. In this quarter also the majority of the fishes 
migrated northwards, along the coast, namely, 12 (or 85:7 per cent.), the mean 
direction being N. 32° E., and the average distance 104 miles, the average rate 
of movement, per 10 days, being 8°63 miles. Of the 7 captured in March, 5 went 
northwards, while all those got in April and May took the same direction. One 
(or 7:1 per cent.) went north and west for 12 miles, and another went south and 
east for 21 miles. Five were recaptured in the Moray Firth, 1 at Fair Isle, and 
1 at Shetland. 

Of the 5 fishes got in the Moray Firth, the condition of the reproductive organs 
in 3 was not ascertained; the other 2, a male and a female, were “ripe” and 
“spawning.” The male caught at Shetland was “spent,” and that got near 
Fair Isle is described as “‘ immature ”’ ; it was taken on 18th March, and measured 
34:5 cm. Of 2 caught in the neighbohrhood of Buchanness, 1 of 41 cm. was 
“spent,” and the other of 36:5 cm. (and thus under adult size) was “immature.” 
The other 3 fishes, 2 females of 37-5 and 38:5 cm., and a male of 33 cm., which 
were taken not far from the station, were ‘“‘immature.” The female which had 
moved north and west to the Bell Rock was under adult size (36 cm.), and was 
“immature”; but the female recaptured near St. Abb’s Head on 29th March 
was “ spent.” 

Third Quarter—In the months June, July, and August 6 fishes (or 8-4 per 
cent. of the total recaptured) were caught, viz. 1 male and 5 females. The positions 
of recapture were ascertained for 5 of them; 3 (or 60 per cent.), 1 male and 2 
females, had gone northwards for 106, 126, and 53 miles (2 into the Moray Firth), 
the average distance being 95 miles, and the mean direction from the station 
N. 33° E. Two moved west and south, 1 to the mouth of the Firth of Forth, 
and the other, well within it, to Aberlady Bay, the average distance being 23 miles. 

The condition of the reproductive organs was ascertained in only 3 cases ; 
the male, caught on 10th June, off Kinnaird Head, was described as “ripe ” ; 
the 2 females taken in June and August were ‘“‘ immature.” 

Fourth Quarter.—No fishes were recaptured in September, but 5 (7 per cent.) 
were got in October and November, 2 males and 3 females. Three (60 per cent.) 
were caught to the northwards, 2 females, well off shore at distances of 66 and 
71 miles, and a male off Stonehaven at a distance of 30 miles. A female had 
moved almost directly east for 18 miles, and a male for only 33 miles to the south 
and west. The males, caught respectively on 24th October and 10th November, 
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were described as “nearly ripe.” ‘The condition of the reproductive organ was 
ascertained for only 1 of the females ; it was “‘ immature.” 
Thus, within a year of liberation, 52, or 73:2 per cent., of the marked plaice 


were recaptured, particulars being obtained for 50 of them. 
66 per cent.) migrated to the north and east ; 4 (or 8 per cent.) moved north and 


; 


and west. 


Quarter. Direction. 

I. Deo. 1910. N,& E 
Jan, 1911. N. & W. 

Feb. 1911. S. & E. 

Ss. & W. 

II. Mar. 1911. | N. & E. 

April 1911. | N.& W 

May 1911. S, & Ek, 

S &W 

Ill. June 1911. | N. & EK. 
July 1911. | N. & W. 

Aug. 1911. | S. & E. 

S. & W. 

IV. Sept. 1911. | N. & E. 
Oct. 1911. N. & W. 

Noy. 1911. | S. & E. 

S. & W. 

SuMMARY. N. & E. 
N. & W. 

S. & E. 

S. & W. 


——— 


Of these, 33 (or 


west ; 6 (or 12 per cent.) went south and east ; and 7 (or 14 per cent.) went south 


The date of recapture of 1 fish is unknown. 
as follows :—One in December 1911, 9 in 1912, 6 in 1913, none in 1914, 1 in 1915 
(March), and 1 in 1916 (February). 
The fish, a female, which was recaptured in December 1911 had moved 11 miles 


to the north-east, and was 


ce 


almost ripe ” 


qo 
45 | Per Average | Average Range. | 
ee Cant Mean veTase | Rate per 
2p ais fe Distance I 
see of | Direction. eb) 10 days 
Es Total. freaaeb); (miles) | Distance.| Rate. 
15 BT 7 NE 19° i, 62 14°2 19-113 3°8—-56 
3 1175 | N, 49° W, 13 5°8 2-26 5°0-6°8 
4 LD 4aa ise 80" EB. 8 6°8 5-16°d |1°16-16°6 
4 5a WS STe IW: il 70 5-15 2-18°7 
26 36°6 2-113 |1°16-56 
12 SbF Nese] Be 104 8°63 | 3°5-215 *23-18°9 
1 791 | N. 39° W 12 iS? ae Bb 
1 fel |S 3° 21 1-7 
14 19°7 
3 60 N. 338° E 95 4°37 | 58-126 2°1-5°6 
2 | 40 |S. 82° w.| 23 9 | 14-33 6-1°3 
5 7:0 14-126 6-5°57 
3 60 N. 40° E. 55 1°6 30-71 9-2°2 
1 20 S. 86° W. 3°5 cil 
5 70 
33 66 
4 8 
6 12 
7 14 
50 70°4 


The remaining 18 were recaptured 


when taken. 


Of the 9 fish caught in 


1912 (from January to December), the place of recapture of 1 was not ascertained ; 
of the remaining 8, 6 had migrated to the north-east, along the coast ; 2 of these 
were caught in the Moray Firth, at distances of 157 and 129 miles; 1 of these, 
a male, taken in February, was “nearly ripe”; the other, also a male, caught 
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in October, was “immature.” One, a female, was recaptured near Fair Isle, 
184 miles away, in September; it was “spent.” Two of the fish, both females, 
were recaptured off the coast of Aberdeen, at distances of 56 and 75 miles; 1 
of these, taken in January, and measuring 42:5 cm. when liberated, is described 
as “rather immature ” ; the other, caught in June, was “immature.” The sixth, 
a female, had gone 33 miles, and was taken, also in July, off Tod Head, “im- 
mature.” One fish, a female, was caught in June 4 miles to the north-west ; 
it was “spent.” The eighth fish had migrated to the south-west, namely,a male, 
caught 4 miles from the place of liberation in December ; it was “ nearly ripe.” 

Of the 6 fishes caught in 1913, five were females, and 1 wasa male. They had 
all moved northwards, along the coast, and had migrated distances of from 64 to 
i90 miles. The male was taken in September near Fair Isle, and was “ immature.” 
Of the 5 females, 1, caught in March off the Orkney Islands, was “ spawning ” ; 
another, taken in March, off Buchanness, was “nearly ripe’; the third, caught in 
May, in the same neighbourhood, was “‘ spent”; the fourth, recaptured in June, 
off Noss Head, in the Moray Firth, was “immature” ; the condition of the ovaries 
of the fifth, which was taken north-east of Rattray Head in July, was not ascer- 
tained. 

None of the marked fish belonging to this experiment was caught in 1914, but 1, 
a female, was recaptured on 13th March 1915, after 1566 days of freedom, only 11 
miles south and east of the station ; it was “‘ spent.” 

In 1916, a male was caught on the 2nd February, after a period of freedom of 
1892 days, or 5 years and 2 months. This fish was found in London, among fish 
from Scarborough, but, unfortunately, the place of capture was not ascertained ; 
the fish was described as “ spawning.” 

The summary of the resultant direction and distance in each quadrant is as 
follows :— 


TABLE. 


ee 


9] 
No. | Aggregate | Average 
Quadrant Sex. of Distance Distance en 
Fish. (miles). (miles). a Hc" 
N. & E. Adult Males. Wega 1577 87°6 N. 23° E. 
Adult Females. 26 1869 71:9 ING Sie Ei: 
Immature Females. 2 77 38°5 INGGaehis 
Total : 46 3523 76°6 INE 2 eres 
N. & W. Adult Males. 2 39 19°5 N. 48° W. 
Adult Females. 1 4 4 N. 39° W. 
Immature Females. 2 14 7 N. 46° W. 
Total : 5 BY) 11:4 N. 45° W. 
5S. & E. Adult Males. 2 ie 6 S. 20° E. 
Adult Females. 3 50 Wi Saoon br 
Immature Females. 2 21°5 10°7 S. 39° E. 
Total : 7 83°5 11°9 Sh oulhe 1D 
S. & W. Adult Males. 4 SD) 8:8 S. 63° W. 
Adult Females. 3 60 20 S. 55° W. 
Immature Females. 1 5 5 S. 50° W. 
Total : 8 100°5 | 12°6 S. 58° W. 
SUMMARY. 
N.& E. 46 3523 | 76°6 N. 27° E, 
N. & W. 5 57 11°4 N. 45° W. 
S. & E. a 83°5 11:9 Sto leanne 
Ss. & W. 8 100°5 12°6 S. 58° W. 
66 


Distances travelled.—Ot the 66 fish, about which particulars exist, 10 (4 males 
and 6 females), or 15 per cent., were recaptured within 10 miles of the station, 
the average distance being 4°5 miles. Eleven (3 males and 8 females), or 16 per 
cent., were recaptured between 10 and 20 miles distant. Thus, 21 of the fish, or 
31:3 per cent. of all those recaptured, were got within 20 miles of the place of libera- 
tion (10 per cent. of the males and 21 per cent. of the females). 

20 to 50 miles.—Eleven (6 males and 5 females), or 16 per cent., of the fish were 
recaptured between 20 and 50 miles of the station, the average distance being for 
the males 35-5 miles and for the females 35 miles. 

_ 50 to 100 miles.—Sixteen, or 24 per cent., of the total recaptured had migrated 
distances of between 50 and 100 miles ; 3 were males which had moved respectively 
58, 76, and 61 miles, all to the north-east ; 13 were females, of which 12 were of adult 
size and 1 barely adult size ; all the females also had migrated in a north-easterly 
direction, along the coast, for distances varying from 53 to 93 miles, the average 
being 66 miles. 
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Over 100 miles.—No less than 18 fish, or 26-9 per cent., were got at distances 
exceeding 100 miles from the place of liberation, 12 being taken within the Moray 
Firth, 3 in the neighbourhood of Fair Isle, 2 at Orkney, and 1 at Shetland, all north- 
ward of the station. Of these, 10 were males and 8 females. The males had 
migrated distances of from 106 to 215 miles, and the females for distances of from 
112 to 184 miles, the average being 136 miles. 

The rate of movement of the fish which went north-east, especially for long 
distances, was somewhat remarkable in this experiment. In the case of the males, 
it ranged from 1-9 to 38 miles per 10 days. A few cases may be mentioned. One 
wale migrated 76 miles northwards in 20 days, and was taken off Peterhead ; 
another was found near Fair Isle, at a distance of 194 miles, after 110 days; a 
third had migrated 139 miles in 94 days ; a fourth, 215 miles in 114 days, and so on. 
Among the fema les, the rate of movement was not, as a rule, quite so rapid ; the 
rate per 10 days ranged up to 21:3 miles, and in one case it was even 5°6 miles per 
day ; this fish, a large female, was caught on the 8th December, off Aberdeen, at a 
distance of 56 miles, and was “‘ nearly ripe.” Another female, which was captured 
** spent,” in the Moray Firth, had travelled 112 miles in 112 days; another female 
had reached the same locality in 85 days, and it also was “spent” ; and a third, 
also found in the same locality, “ nearly ripe,” had travelled 113 miles in 53 days. 


MatTurRITy. 


The condition of the reproductive organs was ascertained in 24 of the males. 
Five were “ripe” or “spawning.” Two of these were captured in the Moray 
Firth in the followmy February and March, after 89 and 94 days respectively, 
having made the journey at the average rate of 12-7 and 14:8 miles per 10 days. A 
third was taken north of Kinnaird Head, in June, the 106 miles having been made 
at the mean rate of 5-5 miles per 10 days; a fourth was recaptured in February, 
north-east of Aberdeen, the rate of travel having been 6-1 miles per 10 days. The 
filth was the fish which had been at liberty for over 5 years, and was captured on 
2nd February 1916 at an unknown locality. 

Seven of the males were “nearly ripe.” Four were recaptured to the north, 
1 in the Moray Firth in February 1912, 157 miles distant, having migrated at a 
mean rate per 10 days of 3°6 miles; 1 was taken north-east of Aberdeen on 18th 
January 1911, after 51 days, the rate of travel being 11-4 miles; another was 
caught off Tod Head in January 1911, having moved 36 miles at the mean rate of 
8-2 miles per 10 days; the fourth was taken in October 1911, off Bervie, and had 
travelled the 30 miles at the rate of -9 mile. Two of the “ nearly ripe ” males had 
gone short distances to the south and west ; 1, taken in December 1912, alter 754 
days, only 4 gees distant, had gone at the rate of ‘05 mile per 10 days; the other 
was found 34 miles distant, in November, after 347 days, the mean rate being ‘1 
mile. The seventh fish was recaptured 13 miles to the westwards, off Fifeness, 
in December 1910, after 19 days, the mean rate being 6°8 miles. 

Two of the males appear to have been “ spent,” and were both recaptured to 
the north of the station. One, of 37 cm., was caught on 22nd February, after 86 
days, 36 miles distant, the rate of movement having been 4:2 miles ; it was described 

s ‘spent’ or “immature”; the other fish was recaptured on 22nd March 1911, 
near Whaligoe, Shetland, having migrated the 215 miles in 114 days, or at the rate 
of 18:9 miles per 10 days. 

Of 8 males of adult size with “immature” reproductive organs, 5 were 
recaptured to the north, Lin February 1911, after 81 days, north-east of Aberdeen, 
the rate of movement being 7:5 miles; the second was taken in April, 25 miles 
distant, north-east of May Isle, the rate in this case being 1:9 miles; the third was 
got near Fair Isle, in March 1911, having travelled 194 miles in 110 days, or at the 
rate of 17-6 miles; the fourth was recaptured off Orkney in October 1912, after 
684 days, the rate being 1-9 miles; and the fifth was not found until September 
1913, after 1027 days, off Fair Isle, the rate of progression being 1-8 miles. Two of 
these males were recaptured south and east, at distances of 5 and 7 miles, 1 in 
January 1911, the rate being 12 miles, and the other in December 1910, after 10 
days, the rate being 7 miles. The eighth fish was caught after 8 days, 15 miles 
to the south and west, off St. Abb’s Head, the rate of movement being 18°7 miles. 
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It may be mentioned that 2 of the 3 males in which the condition of the repro- 
ductive organs was not ascertained, but the position of recapture is recorded, 2 were 
taken in the Moray Firth, 1 in March 1911, after 112 days, 141 miles distant, having 
migrated at the rate of 12-6 miles per LO day s; the other, in April, after 133 days, 
having gone 143 miles, at the rate of 10°75 miles per 10 days. ‘These males measured 
35:7 and 38 cm. respectively, and had no doubt spawned in the Moray Firth. The 
third fish was caught on 5th January 1911, after 38 days, 15 miles to the south and 
west, the average rate being 3-4 miles. 

The condition of the reproductive organs was ascertained in 29 of the 35 adult 
females recaptured, and in 5 of those under adult size. Among the adults, only 2 
are described as “ spawning ” or “ripe” ; both were recaptured to the north. One 
was caught in March 1911, after 112 days, near Banff, in the Moray Firth, having 
travelled 112 miles, at the mean rate of 10 miles per 10 days; the other was taken 
in March 1913, after 835 days, at the Orkney Islands, 164 miles distant, the rate 
in this case being 1:9 miles. Seven were “ nearly ripe,” and 6 were recaptured to 
the northwards. One had migrated with great rapidity, being caught 56 miles 
off, northward of Aberdeen, after 10 days, having moved at the rate of 5:6 miles 
per day. A second was taken close to the same place in February, after 85 days, 
the rate being 6-5 miles per 10 days. Two were recaptured off Banff, in the Moray 
Firth, 112 and 113 miles distant, 1 in January, after 53 days, and the other in 
February, after 85 days, the rate of travel being 21:3 and 13:2 miles per 10 days 
respectively. The fifth fish was caught in March 1913, after 830 days, off Buchan- 
ness, the rate in this case being ‘8 mile per 10 days; and the sixth fish, which had 
gone northwards, was found 11 miles distant in December 1911, after 381 days, the 


rate being ‘3 mile per 10 days. One of the “nearly ripe ” females was recaptured 


in December, after 31 days, 13 miles to the south and west, the rate of travel being 
4-2 miles. 

Six of the females were “spent.” Four were taken to the northwards, as 
follows :—One in April 1911, north-east of Aberdeen, having travelled the 65 miles 
in 149 days, at the rate of 4:4 miles per 10 days. The other 3 were recaptured 
much later, 1 in June 1912, after 563 days, only 4 miles distant ; this fish measured 
35 cm. on liberation, and 42°7 cm. on recapture ; another was caught on 2nd 
September 1912, after 644 days, near Fair Isle, the rate for the 184 days being 2°8 
miles per 10 days; the third was not recaptured till May 1913, after 885 days, off 
the coast of Aberdeen, 64 miles away, the rate being ‘7 mile. Two of the “ spent ” 
females were recaptured to the south-east, 1 in March 1911, after 121 days, 21 miles 
distant, off St. Abb’s Head, the rate being 1-7 miles ; the other was taken in March 
1915, after 1566 days, only 11 miles from the place of liberation. 

Fourteen of the adult females were “immature,” and the position of recapture 
of 12 of them was ascertained. Eleven of these had migrated northwards, and 
of them 5, at least, were taken beyond the limits of the spawning season, in June, 
July, August, and October. They had migrated distances of 33, 53, 71, 75, and 
149 miles, to the coast of Forfar, or Aberdeen, and one to the Moray Firth, and 
were caught after considerable intervals (253 to 919 days), so that the rate of 
travel ranged from °6 to 2°2 miles per 10 days. Of the others, 1 was taken in 
June 1911, after 59 days, off Aberdeen, the rate being 7:9 miles ; this fish was 
only 38°2 cm. in length. Another was got in January 1912, after 404 days, 
near Aberdeen, the rate for the 56 miles being 1°4 miles ; it was 46 cm. long, and 
is described as “‘ rather immature ” ; another was caught in January 1911, after 
60 days, off Stonehaven, the rate of travel being 6°6 miles, and it is described as 

‘one-quarter ripe,” and was 39°6 cm. long. One was recaptured in May 1911, 
after 156 days, only 64 miles distant ; another, also taken in May near Buchanness, 
had gone 75 miles, the rate per 10 days being 4:4 miles; it was 36°5 cm. on 
liberation and 38:5 cm. on recapture. The last, recaptured to the north, was 
taken in April 1911, only 3} miles from the station ; on liberation it measured 
37°5 cm., and on recapture 38°3 em. 

Of 8 females, which were under adult size on recapture, the condition 


of the reproductive organs was ascertained in 5 cases. Two, both taken in 
January 1911, had migrated north and east; 1, of 37°5 cm., went 58 miles at 


| 
I 
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the rate of 9:1 miles; the other, of 34:7 em., ‘had migrated 19 miles, at the rate 
of 3°8 miles. Two, one taken in December 1910, after 3 days, and the other in 
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January 1911, had migrated south and east for 5 and 163 miles, at the rate of 16°6 
and 2:7 miles. One was recaptured 12 miles to the north and west after 98 
days, the rate being 1'2 miles, and the other had moved 5 miles south and west, 
the rate being 2 miles. 

It is evident, from the above statement, that the majority of the adults migrated 
to the northwards for the purpose of spawning, and sometimes with great rapidity ; 
but several of them remained in the neighbourhood of the place of liberation. 


RELATION OF MOVEMENT TO SIZE. 


As a rule, the largest males and females migrated long distances, but there were 
exceptions, especially among the females. Of the 10 largest males, on liberation 
or recapture, 8 migrated northwards for distances of from 30 to 215 miles ; 
the reproductive organs of 2 caught in October were “immature”; in all the 
others, they were “ripe,” or ‘“‘ nearly ripe,” or “‘spent.” But a male, which 
measured 35 cm. on liberation and 41:9 cm. on recapture, and which had been at 
liberty for 754 days, was taken in December, only 4 miles to the south-west, “‘ nearly 
ripe.” Another, of 40°5 cm., was got 13 miles to the north and west, towards 
the coast of Fife, after 19 days ; it was “almost ripe.” Of the 8 largest females, 
4 were recaptured in the months of February and May, from 64 to 126 miles 
distant to the northwards ; the condition of the reproductive organs of 3 was 
ascertained, and they were ‘“‘almost spawning” or “spent.” Three were re- 
captured to the south and west, distances of 13, 14, and 33 miles respectively ; 1, 
in December, was “almost ripe”; 1, in June, was “immature ” ; and the third, 
in August, was not determimed. The most remarkable case was the female which 
measured 38°5 cm. on liberation and 53:1 cm. on recapture, caught in March 1915, 
after 1566 days ; it was found only 11 miles to the south and east of the station, 
and was “spent.” 

EXPERIMENT II. 


21st March 1911. 


In this experiment, 51 fishes were marked and liberated, 20 being 
males, 30 females, and ! whose sex was not determined. The sizes of the 
males ranged from 29°5 em. to 37 cm., and the sizes of the females from 27°5 cm. 
to 50cm. The numbers liberated and recaptured are shown in the accompanying 
table, in groups of 5 em, 


cm. cm. cm. cm. cm. 
25-30°5 31-35:5 36-40°5 = 41-45 -5 46-50°5 Total, 
i Ripe DAT Oe me : : 3 11 12 3 1 30 
F. Recap. 2 8 9 2 1 22 
M. Lib. . : F 2 11 7 -- — 20 
M Recap. ] 8 4 — — 13 
? Sex Lib. : _ = — 1 — — 1 
2? Sex Recap. . Yeas = = — — a= 


The fish in this experiment were, on the whole, smaller than usual, 22 
of the 30 females and 6 of the 14 males beg under adult size when liberated. 

The fish were taken by trawl at Station VI., Firth of Forth (off St. Monans), 
about 2.35 p.m. on the 21st March, marked and placed in tanks with a good circula- 
tion, and liberated at 6.45 p.m. 

The number recaptured was 35 (or 68°6 per cent. of the total marked), viz. 
13 males (or 65 per cent. of the total males marked), and 22 females (or 
73°3 per cent. of those marked). The proportion recaptured in each of the 5-em. 
groups is indicated in the above table. Of the 13 males, 11 were of adult 
size on recapture; their periods of liberty ranged from 43 to 404 days, and 
averaged 241 days ; their average size on liberation was 34:6 cm.,and on recapture 
38°3 cm.; the distances migrated ranged from 44 to 160 miles, the mean being 
.53°7 miles, and the average rate per 10 days was 2:2 miles. The 2 immature 
males were at liberty for 11 and 38 days respectively; | migrated 23, and the 
other 5 miles. 
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The 17 adult females were at liberty for from 38 to 721 days, the average 
being 311 days ; the mean size on liberation was 37°5 cm., and on recapture 42°7 
em.; they moved distances of from 4 to 74 miles, the mean being 28°8 miles, and 
the mean rate -9 miles per 10 days. The 5 immature females were at liberty 
for from 42 to 360 days, the mean being 236 days ; the average size on liberation 
was 31°3 cm., and on recapture 35°3 cm.; they migrated distances of from 18 to 
49 miles, the mean being 28°4 miles, and the mean rate 1:2 miles. 


THE ExtTENT AND DIRECTION OF MIGRATION. 


First Quarter—In the month after liberation, April 1911, only 8 fish (2 
males and 1 female) were recaptured. The female and one of the males were takea 
5 miles to the south and west ; the other male had moved westwards to the coast 
of Fife (to the same locality where it was originally captured) ; it was a small fish 
(29°5 cm. in length), and had made the 23 miles at an average rate per 10 days of 
20°9 miles. . 

In May, 4 were recaptured (2 males and 2 females), but the position of 
recapture of 1 of the males was not ascertained. The other male and 1 of 
the females had moved 6 and 4 miles respectively to the south and west ; the other 
female, measuring 34 cm. on liberation, had gone westwards into the Firth of Forth, 
to the coast of Fifeshire, and was taken near Elie, 31 miles distant, the average 
rate of travel being 7°4 miles. 

Two were taken in June (a male and a female); the latter was recaptured, 
after 72 days, 83 miles to the north-east, and the male, after 78 days, 15 miles to the 
north-west, near the Bell Rock. 

Thus 9 of the total recaptures, or 25:7 per cent., were made in the first 
quarter, and particulars in regard to 8 were ascertained. Four, or 50 per cent., 
moved distances of from 4 to 6 miles to the south and west ; 3, or 37.5 per cent., 
moved north and west (2 of them into the Firth of Forth) for distances of from 
15 to 31 miles, the average distance being 23 miles: and 1, 12°5 per cent., had 
gone 8} miles to the north-east. 

The feature of this quarter is the relatively small migration, and the predomin- 
ance towards the coast, south-west and north-west. The condition of the repro- 
ductive organs was ascertained for 2 of the males and 4 of the females; they 
were all “immature.” On liberation, 2 of the males were of adult size, measuring 
33°5 and 34 cm.; 2 of the females were also of adult size, measuring 38 em. and 
44-5 cm. respectively. All the others were under adult size. 

Second Quarter.—Six fishes (2 males and 4 females) were recaptured in July, 
August, and September, 7.e. 17-2 per cent. of the total recaptured. The position 
of recapture of 1 was not ascertained ; of the others, 3 (or 60 per cent.), viz. 2 
males and 1 female, had migrated to the south and west, for distances of from 
4 to 12 miles; 1 female was taken 18 miles to the north and west, near the Bell 
Rock, and the remaining female 5 miles north and east of the station. All the 
fish were, naturally, for the season “immature.” On liberation, all except 2 females 
were of adult size, and on recapture 1 of these females had grown to adult size, 
the other measuring 37'1 cm.; the latter had moved the greatest distance of all, 
viz. 18 miles. The same feature is thus shown in the second quarter as in the 
first, the relatively small distance migrated, the absence practically of any 
recaptures to the northwards of the station, and the predominance to the south 
and west. 

Third Quarter.—Only a single fish was recaptured in this quarter, a male, which 
was taken on 6th October, 6 miles to the south and west, and which is described as 
“nearly ripe.” 

Fourth Quarter.—In January, February,and March 1912, 12 of the marked plaice 
(or 34°3 per cent. of the total) were recaptured, the position of capture being ascer- 
tained for 11 of them. One was caught in January, 5 in February, and 6 in March. 
Three were males and 9 were females. The migration of these fishes presents 
contrast to those of the previous months, both in direction and distance. Only 
1 was recaptured to the south and west, a small female, which measured 31 em. 
on liberation and 33°5 cm. on recapture and was taken at Embleton Bay, North- 
umberland, a distance of 49 miles, on 15th March 1912, after 360 days, the rate 
of movement being 14 miles per 10 days ; it was “ immature.” 
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Five of the fishes (45°4 per cent.), all females, moved to the north and west, 
for distances ranging from 21 to 23 miles, the average being 22 miles. Four of 
these, curiously, were recaptured practically at Station VI., Firth of Forth, where 
they had been originally taken, viz. from about half a mile toa mile off Pittenweem 
or St. Monans ; 1 was recaptured in January, the other 3 in February, after periods 
of from 311 to 340 days. Three of them are described as “‘ immature ”’ or “ rather 
immature’; their sizes on liberation and recapture were as follows :—36°5 to 
41 cm.; 28 to 33°3 cm.; 27:5 to 37-9. One, whose sizes were 37°5 to 42°9 cm., 
caught on 19th February, is described as “half ripe.” The remaining female, 
which moved north and west, was caught at the mouth of St. Andrews Bay, having 
moved 21 miles in 351 days; it was a large fish, measuring 50 to 50°3 cm., and 
was “spent” when caught on 6th March. 

Other 5 of the fishes (45'4 per cent.) had migrated northwards, along the coast 
for considerable distances, varying from 51 to 160 miles, the mean being 112 miles. 
Three were males and 2 females. Two of the males were taken in the Moray 
Firth, 1 on 12th March 1912, after 357 days ; its measurements were 36°5-41 cm., 
but the condition of the testes was not ascertained; the other was caught off 
Tarbet Ness on 29th February, after 345 days ; its measurements were 37—42°4 cm., 
and this fish was “ripe.” The apparent rate of movement of these 2 males were 
respectively 3°5 miles and 4°5 miles per 10 days. The third male, measuring 
32°5-39°6 cm., was caught on 7th March, after 352 days, south-east of Auskerry, 
Orkney Isles, at a distance of 160 miles ; it was “ripe,” and had migrated at an 
apparent rate of 4°5 miles per 10 days. The 2 females had not gone so far, both 
being recaptured off the coast of Aberdeenshire, 1, measuring 41-45°1 em., off 
Girdleness, a distance of 51 miles, on the 28th February, after 344 days, “ fully 
half ripe,” ; the other, measuring 33:5-40 cm., off Buchannness, a distance of 68 
miles, on 26th March, after 371 days, “‘ almost ripe.’ The rate of movement of 
these fishes was respectively 1°5 and 1°8 miles per 10 days. 

It is evident that the features of this quarter differ from those presented in 
the previous months, and discloses a spawning migration to the north. These 
long-distance-fish were no doubt on their way north in the previous quarter ; but 
there are reasons to support the view that the fish partaking in such spawning 
migrations do not begin to travel with great speed until the reproductive organs 
are well developed. 

Thus, in the 12 months following liberation, 28 of the marked fish (or 80 per 
cent.) were recaptured, viz. 11 males (or 84°6 per cent.) and 17 females (or 77°3 per 
cent.), particulars as to direction and distance being furnished for 25 of them. 


{TaBLE. 


oT 


a a | Per Average Range. 
os Average 4 g 
Quarter. Direction. a = we eaeen Distance Be eo 
5 0 irection. (miles) 10 Days|__ 
iS © | Total. °°): | (miles). |Distance.| Rate. 
I. April 1911. | N. and E. 1 125 ENE 24 OB 8°5 te? Ais seed 
May 1911. N. and W. 3 37°5 | N. 66° W. 23 10° 15-21 | 1:9-20°9 
June 1911. |S. and E. 0 Re it she 56 se .. 
S. and W. 4 HOS, |S. 65° (W. 5: 1:2 4-6 “7-14 
8 25°97 4-31 | ‘7-20°9 
Il. July 1911. N. and E. i ZO N S24 nn) 5: +3 
Aug. 1911. N. and W. I! 20° | N. 44° W. 18: 17 
Sept. 1911. |S. and E. as 3 i wk AP Bye as 
S. and W. 3 60° |S. 62° W. fas) 6 4°5-12 | 4-9 
5 752, 
III. Oct. 1911. N. and E. 
Nov. 1911. | N. and W. 
Dec. 1911. S. and E. 2. ie Be as rit 
S. and W. PSG Seo We 6° “33 
1 | (2°8) 

TV. Jan. 1912. N. and E. 5 45:4 | N. 26° EB. E12: 3:2 51-160] 1°5-45 
Feb. 1912. N. and W. 5 45°4 | N. 77° W. 225 6 21— 23] ‘6— °7 
Mar. 1912. S. and E. a 4 bs AG A 

S. and W. 1 Oot Se eoe WV, 49 1°4 


11 34:3 se Be in 21-160] “6-4°5 


Summary. | N. and E. 7 
N. and W. 9 36° 
S. and E. se ie 
S. and W. 9 36° 


25 80 


Of the remainder recaptured, 6 were taken in 1912, and | in 1913, and all but 
1 of these were caught to the northwards, as follows :— 


o 

Ded om 

Qa n 
Sex Date a Sizes = ~ | Direction. R.O. Rate. 

Aas (cm.) 2s 

— aL 

Female. 2nd April 1912. 378 | 32°5-38°7 23 | N. 84° W. | Rather 

immature. 06 
Male. 28th April 1912. 404 | 36 —40°2 41 | N. 38° E. ? 1:0 
Male. 17th April 1912. 393 | 33 -38'1 13. | N. 37° E. | Ripe. 0°3 
Female. 3lst May 1912. 437 | 38 -45 44 |N.40°E. | 4 Devel. 10 
Female. | 28th May 1912. 434 | 34 -42°7 25 | N. 32° E. | Immature. 0°6 
Female. 10th Dec. 1912. 630 | 34°5-46°3 53 | N. 58° E. | Nearly ripe. 0'8 
Female. 11th Mar. 1913. 721 | 35°5-48°1 74 |N. 28° HR. | Nearly ripe. 1-0 


Three of these were “ripe” or “nearly ripe,” a male taken only 13 miles north 
and east of the station, and of the other 2, both females, 1 was caught off Aberdeen 
and the other off Buchanness. 
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The summary of the resultant direction and distance in each quadran‘ is as 
follows — 


Aggregate | Average 
Quadrant. Sex. phe Distance Distance oe 
(miles). (miles). 
N. and E. Adult Males. 5 306 61:2 N. 29° E. 
Aduit Females. 8 3285 41:1 N. 33° E. 
13 6345 488 |N.32°R. | 
N. and W. Adult Males il 15 15 N. 33° W 
Immature Males. 1 23 23 N. 84° W. 
Adult Females. 4 89 22 IN viioae 
Immature Females. 4 93 23 N. 72° W 
10 220 22 N. 71° W 
S. and E. None 
S. and W. Adult Males. 4 28°5 7 S. 62° W 
Immature Males. ] 5 5 S. 80° W 
Adult Females. 3 15 5 S. 56° W 
Immature Females. 1 49 49 S. 2° W 
9 97°5 10°8 S. 55° W 
SUMMARY. 
N. and E. 13 634°5 48'°8 IN] 327 RE 
N. and W. 10 220 22 NAT We 
S. and E. 5H None. oa tye 
S. and W. 9 97°5 10°8 S. 55° W. 
32 


Distances travelled.—The number recaptured at distances of 10 miles or under 
from the station was 9, or 28°1 per cent., viz. 4 males and 5 females, the average 
distance being 5°5 miles. Between 10 and 20 miles, 4, of which 3 were males, were 
recaptured, so that the total number under 20 miles was 13, or 40°6 per cent., the 
average distance being for the males 8:8 miles and for the females 7:7 miles. 

20 to 50 miles—The number recaptured between 20 and 50 miles was 12, or 
37°5 per cent., of which 2 were males, with an average distance of 32 miles, and 
10 were females, with an average of 28°2 miles. 

50 to 100 miles.—No males were recaptured at distances of over 50 and under 
100 miles, but 4 females went to the north-east for from 51 to 74 miles, the mean 
being 61°5 miles. 

Over 100 miles.—Three males were recaptured at distances of 126, 154, and 
160 miles, 2 in the Moray Firth, and 1 at the Orkaey Isles, the mean rate of migra- 
tion per 10 days being respectively 3°5,4°5, and 45 miles. As already stated, 2 of 
these fish were “ripe ”; the condition of the testes of the third was not ascertained 

It is interesting to note that the male fish which was taken at Auskerry, ia 
the Orkney Isles, had been previously marked and recaptured. It was originally 
marked and liberated on 8th February 1911, in the Firth of Forth, midway between 
Elie and Fidra, and was caught by the “ Goldseeker”’ on 21st March 1911, at 
Station VI. in the Firth of Forth, off St. Monans, among the fish taken for the 
present experiment. 


Maturity. 


Males.—The condition of the testes was ascertained in 7 of the 11 males 
recaptured. Three were “ripe,” taken respectively in February, March, and April 
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1912, all to the north and east ; 1 had moved only 13 miles ; 1 was taken in the 
Moray Firth, at a distance of 154 miles ; and the third at the Orkneys, a distance 
of 160 miles. The mean rate of travel per 10 days for the first was ‘36 miles, and 
for the other 2, 4°5 miles. 

One “nearly ripe’ male was caught in October 1911, 6 miles south and west. 

Three adult males, taken respectively in June, July, and August, were “im- 
mature.’ The condition of the testes of 1 of the 2 males under adult size was 
ascertained ; it was ‘“‘immature’”’; the fish, which measured 32-32°3 cm., was 
caught in April 5 miles to the south and west. 

Females —Of 17 adult females, the condition of the ovaries was ascertained 
in 16. None was “ fully ripe,” but 3 were “nearly ripe,” and all were recaptured 
north and east, distances of 53, 65, and 68 miles respectively, in December 1912, 
March 1913, and March 1912, the mean rate of movement being ‘8 miles, -9, and 
18 miles. 

One was “spent,” a large fish, measuring 50-50°5 cm., and it was caught in 
St. Andrews Bay in March 1912. 

Three were “maturing”; 1, described as “fully half ripe,” was caught on 
28th February 1912, 51 miles north and east, off the coast of Aberdeen; the 
measurements were 41-45°1 cm., and it would doubtless spawn that year. The 
second, measuring 38-45 cm. was “half-developed”” when caught on 31st May 
1912, 44 miles to the north-east ; the third, measuring 37:-5-42°9 cm., was also 
“half ripe” when caught on 19th February 1912, 23 miles west and north, in 
the Firth of Forth. 

The ovaries of 9 were “immature.” The fish had moved distances of from 
4 to 25 miles, at rates ranging from °3 to 1:3 miles per 10 days; 4 were recaptured 
in June, July, August, and September ; of the others, 2 had returned to the Firth 
of Forth, distances of 22 and 23 miles, and were taken in January and April; 
another, caught in April, had moved 5 miles to the south and west ; 2 were caught 
m May. 

Of the 5 females under adult size on recapture, the condition of the ovaries 
was ascertained in each; 3 had returned to the Firth of Forth, and were taken 
in February and May; | was found off the coast of Northumberland in March, 
and the fifth near the Bell Rock, in July. 


EXPERIMENT III. 
25th April 1911. 


The number of fishes marked and liberated in this experiment was 51, of which 
16 were males, 33 were females, and 2 were of undetermined sex. ‘The sizes of 
the males ranged from 30 cm. to 38 cm., and of the females from 29 cm. to 54:5 cm. 
The numbers liberated and recaptured are shown in the following table, arranged 


in groups of 5 cm. :— 
cm. cm. cm. cm. 


25-30" 31-35°5 36-40°5 41-45°5 46-50-5 Total, 
F. Lib. . : 5 1M 8 8 1 33 
F. Recap. 5 6 6 2 0 19 
M. Lib. . : i 1 9 6 — = 16 
M. Recap. : : 1 5 3 — == 9 
2 Sex Lib. ; — 2 = -- — 2 


*Sex Recap. . — 
Of the males, only 1 measured less than 33 cm. on liberation, and of the females, 
21 measured under 38 cm. 

The fish for this experiment were caught by the “ Goldseeker ” at Station VI., 
in the Firth of Forth, about 3 p.m. on the 25th April, and were liberated about 
8.30 p.m. on the same day. Three of the fish which had been marked died on 
the passage, and others were substituted for them. 

The number of the marked fish recaptured was 28, or 54:9 per cent., viz. 
9 males, or 56:2 per cent., and 19 females, or 57:6 per cent. Of the 9 males, 
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particulars of the sizes on recapture were ascertained for 8; they ranged from 
34:4 to 42-4 cm. and averaged 37:8 cm. ; the periods of liberty varied from 37 to 
1073 days, the average being 318 days; the distances migrated were from 5 to 
176 miles, the average being 79-4 miles, and the mean rate per 10 days 2°5 miles. 
Particulars were obtained with regard to 16 of the 19 females recaptured, of which 
12 were of adult size and 7 under adult size ; the periods of liberty of the former 
ranged from 25 to 999 days, and averaged 341 days; their sizes ranged from 
38:5 to 44:8 cm., the average being 41°6 cm.; they migrated distances of from 
4 to 174 miles, the average being 40-8 miles and the mean rate of travel was 1 mile 
per 10 days. The seven immature females were free for an average period of 
119 days; their sizes on recapture ranged from 29-7 cm. to 37 cm., the mean 
being 34:5 cm. ; the distances migrated ranged from 0 miles to 34 miles, the average 
being 14:6 miles, and the mean rate of travel per 10 days was 1-1 miles. 


THe ExTENT AND DIRECTION OF MIGRATION. 


First Quarter.—Three fish, 2 females and a male, were recaptured in May, but 
particulars were ascertained only for 1 of the females; it had moved 5 miles to 
the south and west in 25 days, and was “immature.” In June, 6 were recaptured, 
2 males and 4 females, all ‘“‘ immature,” but the position of recapture of | of the 
females was not ascertained. The two males had moved to the south and west 
for distances of 5 and 19 miles. One female had also gone in this direction for 
5 miles. Another had moved for 7 miles to the south and east, and the other 
female had gone to the north and west for a distance of 12 miles. Three, all 
females, were caught in July, but the position of recapture of 1 was not ascer- 
tained. One of these, measuring 35 cm., was caught at the place where it was 
liberated, after 88 days; the other, measuring 36°5 cm., had gone back to the 
Firth of Forth, near to the locality where it was originally caught, a distance of 
26 miles, at an average rate of 3:3 miles per 10 days. 

Thus, 12 of the marked fishes (or 42°8 per cent. of the total number recaptured) 
were taken in May, June, and July, but particulars in regard to them were ascer- 
tained for only 7. Four (57 per cent.) had moved south and west for an average 
distance of 9 miles, the average rate being 2 miles per 10 days; 2 had gone north 
and west, the average distance being 19 miles, and the mean rate 2°5 miles; the 
remaining fish went south and east for 7 miles. 

Second Quarter.— Four fishes (14°3 per cent.) were recaptured in August, 
September, and October, 3 respectively at 4, 6, and 9 miles from the station ; the 
fourth fish had migrated a distance of 44 miles to the north and east, well off- 
shore, in 148 days, at an average rate of 2:9 miles. 

Third Quarter.—Only 2 (7:1 per cent.) were recaptured in this quarter, both 
males, 1 in November and 1 in December. The former was caught in St. Andrews 
Bay, 23 miles distant to the west and north ; it measured 39-9 cm., and was “ nearly 
ripe.’ The other male was taken to the north, off the coast of Aberdeen, 56 miles 
distant, after 240 days, and it was “three-quarters ripe.” 

Fourth Quarter—Two of the marked fish, both males, were recaptured in 
February 1912, 1, measuring 36 cm., in the Moray Fith, 126 miles distant, and 
the other, measuring 38:4 cm., south-east of Start Point, Orkney, 176 miles distant ; 
the latter was “‘ nearly ripe,” but the condition of the testes of the other was not 
determined. The mean rate of travel of these fishes was respectively 4:1 and 
6 miles. 

‘Thus, in the 12 months following liberation, 20, or 71:4 per cent., were re- 
captured, viz. 7 males (77-7 per cent.) and 13 females (68-4 per cent.). Particulars 
as to direction and distance were ascertained for 15 of them, viz. 4 (26°7 per cent.) 
had gone north and east, and the same number north and west ; 2 (13-3 per cent.) 
went south and east ; and 5 (33-3 per cent.) moved south and west. 
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IV. Feb. 1912. N. and EK. 2 |100 Neon 151 5°05 | 126-176} 4°1-6 
Mar. 1912. | N. and W. ; ee se ds oc Std 
April 1912. |S. and E. 


S. and W. 
2 71 
Summary. | N. and E. 4 26°7 
N. and W. 4 26°7 
S. and E. 2 13°3 
S. and W. 5 33°3 
15 lca 


| < 
See wens Average | Average _Range. 
Quarter Direction trp | Cent. | Mean ieatanee EME ESE 
"| o8 ef | Direction (miles) 10 Days 
e © | Total. “’ | (Miles). |Distance.| Rate. 
I. May 1911. N. and E. Ea = ae 
June 1911. | N. and W. 2 28°6 |} N. 44° W. 19 2°5 12-26 | 1°8-3.3 
July 1911. |S. and E. 1 14°3 | S. 36° E. 7 18 “if ay 
S. and W. 4 57-1 |S. 57° W. 9 2 5-19 | 1°3-3°3 
U 42°8 5-26 | 1:3-3:°3 
\I. Aug. 1911. | N. and E. 1 25 ING GUE 44 2°9 
Sept. 1911. | N. and W. 1 25 N. 58° W. 9 1165) 
Oct. 1911. S. and E. 1 25 S. 18° E. 4 3 
S. and W. 1 25 8. 50° W. 6 fx 
4 14°3 
TIE. Nov. 1911. |N.andE.| 1 | 50 |N.20°R. | 56 2°3 
Dec. 1911. | N. and W. 1 50 N. 65° W. 23 oil 
Jan. 1912. S. and E. = aa te ae 
S. and W. =a 
2 al 
| 


Of the remaining fish recaptured, 3, all females, were taken in May, June, and 
December 1912; 2, both females, in 1913, in May and June; and 2 in January 
and April 1914. Of the first group, none had migrated far—1 for 34 miles north- 
wards to the neighbourhood of Stonehaven; another north-west for 21 miles 
to the neighbourhood of the Bell Rock; the third for 5 miles to the south-east. 
The 2 former were “immature,” the latter was “‘ nearly ripe.” Both of the females 
taken in 1913 had moved north and east; 1, measuring 30-41:1 cm., was taken 
in June, after 784 days, 85 miles distant, off Buchanness, and the other, which 
measured 31:5-43 cm., had taken an unusual direction, and was captured in May, 
after 746 days, about 174 miles N. 66° E., in 39 fathoms (Lat. 58° 12’ N.; long. 
2° 8’ E.), or about midway between Scotland and Norway. It was “spent.” Both 
the fish taken in 1914 had also migrated north and east ; 1, a female which measured 
30:5-44:8 cm.. was captured on 18th January, after 999 days, 59 miles distant, 
off Aberdeen ; it was “‘nearly ripe.” The other, a male, measuring 35-42°4 cm., 
was recaptured on 2nd April, after 1073 days, 151 miles distant, off the mouth 
of the Moray Firth, in 47 fathoms: the condition of the testes was not ascertained. 
With the exception of this male, all the fishes recaptured in 1913 and 1914 were 
considerably under adult size on liberation, and probably did not begin to migrate 
fora longtime. For 1 fish, an adult male, no date of recapture is obtained. 
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The summary of the resultant direction and distance in each quadrant is as 
follows :— 


Aggregate | Average 
Quadrant. Sex. Noe f Distance Distance pines 
. ‘| (miles). (miles). maine 
N. and E. Adult Males. 4 368 92 N. 31° E 
Adult Females. 4 362 90°5 N. 50° E. 
Immature Females. 1 34 34 N. 12° E 
9 764 85 N. 37° E 
N. and W. Adult Males. 1 23 23 N. 25° W. 
Adult Females. 1 21 21 N. 21° W. 
Immature Females. 3 47 16 N. 49° W 
5 91 18 N. 46° W 
S. and E. Adult Females. 1 4 4 S. 18° E. 
Immature Females. 1 7 a S. 36° E 
2 vy 5'5 Sob 
S. and W. Adult Males. 2 24 12 S. 61° W. 
Adult Females. 4 21°5 5:4 S. 52° W 
6 45'5 76 S. 55° W 
SUMMARY. 
N. and E 9 764 85 N. 37° E 
N. and W 5 91 18 N. 46° W 
S. and E 2 11 55 S229 
S. and W 6 45°5 76 8. 55° W 
Teg |e | 


Distances travelled—The number recaptured within 10 miles of the station 
was 9, or 391 per cent. of those whose position of capture was known, viz. 1 male 
and 8 females, the average distance being 5:1 miles. The number recaptured 
between 10 and 20 miles was 2, 1 male and 1 female. Thus, 11 of the 23 fishes 
recaptured, whose positions were known, or 47°8 per cent., were taken within 20 
miles of the station, 2 (28°6 per cent.) being males, and 9 (56:2 per cent.) females. 

20 to 50 miles.—The number recaptured between 20 and 50 miles was 5, or 
21:7 per cent., viz. 1 male and 4 females, the average distance being 29°6 miles. 

50 to 100 miles—Three were recaptured within these limits, namely, a male 
at 56 miles, and 2 females at 59 and 85 miles, all to the north-east. 

Over 100 miles.—Four were recaptured at distances of over 100 miles (17:4 per 
cent.), viz. 83 males (42-9 per cent.) and 1 female. The males migrated distances 
of 151, 126, and 176 miles respectively, the average being 151 miles, and the female 
migrated 174 miles. 

MATURITY. 


Males.—The condition of the testes was ascertained in only 5 of the 9 males 
recaptured. Two were “nearly ripe,” viz. the 1 taken at Orkney, 176 miles 
distant, in February 1912, and the 1 taken off St. Andrew’s Bay, in November 
1911. One was ‘three-quarters ripe,” viz. the fish caught in December 1911, 
56 miles to the north, off the coast of Aberdeen. 

The other two males were “‘immature,” and were both caught in June 1911, 
to the south-west of the station; 1 measuring 34-4 cm., at a distance of 19 miles, 
the other, of 35:1 cm., 5 miles distant. 


108 


Females.—Of 12 adult females, the condition of the ovaries was ascertained 
in 11. None were fully mature. Two were “nearly ripe,” 1 caught in January 
1914, off the coast of Aberdeen, 59 miles to the north and east: the other, in 
December 1912, 5 miles to the south and west. One was “spent”; it was the 
fish caught midway between Scotland and Norway in May 1913. The other 8 
females were “‘ immature,” and none of them was taken within the limits of the 
Spawning season, | being caught at the end of May, 4 in June, 1 in July, and 2 
in September. The position of recapture is known for 6; 2 had migrated some 
distance north and east, 1 for 85 and the other for 44 miles; 1 was caught to the 
north and west; 1 to the south and east, and 2 to the south and west, short 
distances. 

EXPERIMENT IV. 


19th June 1911. 


Fifty-three fishes were marked and liberated in this experiment, 24 being males, 
28 females, and 1 of undetermined sex. The sizes of the males ranged from 29 em. 
to 41 cm., and of the females from 26cm. to 51cm. The numbers liberated between 
certain sizes in groups of 5-cm. are represented in the accompanying table, which 
also shows the numbers recaptured in the same groups :— 


cm. cm. em. cm. cm. cm. 
25-305 31-35:5 36-40°5 41-45:5 46-50°5 51-55-5 =‘ Total. 
F. Lib. : 2 17 7 1 — 1 28 
F. Recap. 2 13 5 — — = 20 
M. Lib. 2 10 11 1 — — 24 
M. Recap. 2 8 9 1 — — 20 
?Sex Lib. . an — — 1 a — 1 
? Sex Recap. liars — = 1 = — 1 


Eight of the males liberated (33 per cent.) were under adult size (33 cm), and 
22 of the females (78:6 per cent.) were also under adult size (38 cm.). 

All the fish marked and liberated were caught by the “ Goldseeker ” at Station 
VI., Firth of Forth, at 3 p.m. on the 19th June ; they were marked and kept in 
tanks of water until 7.35 p.m., when they were liberated. 

The number recaptured was 41, or 77:3 per cent., viz. 20 males, or 83-3 per 
cent. of the males liberated, 20 females, or 71:4 per cent. of the females liberated, 
and the single fish of undetermined sex. 

Of the 20 recaptured males, 16 were of adult size on recapture, the sizes ranging 
from 33:6 to 43:4 cm., and averaging 37:4 cm. ; they were at liberty for from 1 to 
757 days, the mean being 187 days; the distances migrated ranged from 5 to 144 
miles, and averaged 39-3 miles, and the mean rate was 2°1 miles per 10 days. The 
4immature males were at liberty for from 13 to 56 days, the average being 35 days ; 
the distances travelled were 5 and 6 miles, the mean being 5°3 miles, and the mean 
rate 1-9 miles. 

Only 6 of the females were of adult size on recapture ; they had been at liberty 
for from 13 to 1821 days, the average being 595 days, their average size on liberation 
was 37-2 cm., and on recapture 42:7 cm. ; the distances migrated ranged from 6 to 
43 miles and averaged 18-2 miles, and the mean rate was °3 mile. 

Fourteen of the females were under adult size, the range being from 31:8 to 
37 cm. and the average 34:3 cm. ; they had been at hberty for from 13 to 299 days, 
the mean period being 82 days; they migrated distances of from 5 to 45 miles, 
the mean being 11-3 miles, and the mean rate 1:29 miles per 10 days. 

The fish whose sex was not determined, either on liberation or recapture, had 
migrated north and east for 26 miles. 


THE ExTENT AND DIRECTION OF MIGRATION. 


First Quarter—One fish, a male, of 36 cm., was caught the next day after 
liberation, 74 miles to the south and west. In July, the month following liberation, 
13 fish were taken (32-5 per cent.), 5 males, or 25 per cent., and 8 females, or 42:1 
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per cent. Particulars were ascertained for 11, 4 males and 7 females. With one 
exception, all the fishes were recaptured to the south and west of the station, at 
distances of from 5 to 10 miles, in the direction of the Firth of Forth and the coast 
to the east of it. All are described as “immature,” except a male of 37-37°3 cm., 
which was caught 6 miles off on 2nd July, and was described as “ Tipe.’ One fish, 
of 37°5 cm., a male, had moved 17 miles west and north, to the vicinity of the Bell 
Rock, at a mean speed of 13-1 miles per 10 days. All the fish, it may be mentioned, 
had moved at a considerable rate, that of the others varying from 3-3 miles to 4°6 
miles, with the exception of | of 1:6 miles. 

In August, 5 of the marked fishes were recaptured (12-5 per cent.), 4 males and 
1 female. The position was ascertained for 3 of the males and for the female ; the 
female and 2 of the males were found at 5 and 6 miles to the south and west, and 
the other male was recaptured 6 miles to the north and east. 

In September, 2, both females, were recaptured, 1, 12 miles to the south and 
west, and the other 13 miles to the south and east. 

Thus, in the first 3 months after liberation, none of the fishes had made any 
considerable migration. 

Thus, in July, August, and September, 21, or 52°5 per cent., of the total number 
recaptured, were taken, particulars being obtained for 18. Fifteen of those (or 
83-3 per cent.) were recaptured to the south and west for a mean distance of 6 miles, 
and 1 each to the north and east, the north and west, and the south and east. 

Second Quarter.—In October, November, and December, 8 fishes were recaptured, 
4 females and 4 males. Four, 3 males and 1 female, had moved to the north and 
east (50 per cent.) for from 23 to 56 miles, the average being 43 miles; 4, 3 females 
and 1 male, to the south and west, for distances of from 5 to 19 miles, the average 
being 8 miles. A male of 32°5 to 35-2 cm., taken on 12th November, 5 miles to the 
south and west, was “‘ nearly ripe” ; another, caught in December, 56 miles to the 
north, and measuring 40-40°8 cm., was also “nearly ripe”; a third, caught 23 
miles to the north, off Montrose, in December, and measuring 34:5-38°6 cm., was 
“three-quarters ripe” ; and the fourth, taken on 30th November, 44 miles to the 
north, was “about half ripe.” In this period, therefore, as the chart of the dis- 
tances and directions quarterly shows, the characteristic feature of the migration 
is to the north and east, along the coast ; while, in the period July to September, 
there was a marked concentration of the fish a short distance to the south and west. 

Third Quarter—Two fishes, both males, were caught in this quarter, and par- 
ticulars were obtained only in regard to one of them. It measured 36-384 cm., and 
was caught in the Moray Firth, off the Ord of Caithness, at a distance of 144 miles, 
on 28th February 1912, after 254 days ; it was “ripe.” 

Fourth Quarter.—Five fishes were recaptured in April, May, and June, 3 males and 
2 females, but particulars in regard to 1 of the males were not obtained. The 2 
males and 1 of the females had migrated to the north and east, and were taken as 
follows :—The female, measuring 35-38°7 cm., on 21st May, after 337 days, at 18 
miles; 1 of the males, measuring 35:5-37°3 cm., on 19th April, off Aberdeen, at a 
distance of 55 miles ; the other male, measuring 31:5-34:4 cm., in the Moray Firth, 
137 miles distant, on 2nd May, after 318 days. The conditicn of the testes in this 
fish was not ascertained, but the other male was “‘ partly spent ” and the female was 
“immature.” 

Altogether, as shown in the accompanying table, 36 of the fishes, or 90 per cent., 
were recaptured within 12 months, 19 (or 95 per cent.) of the males, and 17 (or 
89-4 per cent.) of the females. Particulars in regard to the positions of recapture 
of 31 were obtained : 19 (or 61:3 per cent.) moved to the south and west ; 9 (or 29 
per cent.) to the north and east ; 2 (6:4 per cent.) to the north and west ; and 1 
(3°2 per cent.) to the south and east. 
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The feature of the two last quarters is the predominant movement northwards ; 
none was, in this period, recaptured south of the station. 


Per Average Range. 
No. of Average 2 
Quarter. Direction. | Fish pee en Distance | Bate per 
Canchk of | Direction. (miles) 10 Days 
8": | Total. *) | (miles). |Distance.| Rate 
I. July 1911. | N. and E. 1 5°55] N. 48° E 6 132 me ¥ 
Aug. 1911. | N. and W. 1 5°55| N. 46° W 7 13°1 a Se 
Sept. 1911. |S. and E. 1 5°65) 8. 22° EB. 13 1°5 ae ok 
S. and W. 15 83°38. 51° W. 6 7°9 5-12 9-75 
18 52°b 
II. Oct. 1911. | N. aud E, 4 50 N. 35° E 43 2°9 23-56 1°2-3°5 
Nov. 1911. | N. and W. a ae ads fe nae ee axe 
Dec. 1911. |S. and E. a ar ac ae ns oa hoa 
S. and W. 4 50 S. 56° W. 8 °6 5-19 2-1°3 
8 20 5-56 2-3°5 
Ill. Jan. 1912. | N. and E. 1 100 N. 24° K 144 bez 
Feb. 1912. | N. aud W. a nee m aR ase 
Mar. 1912. |=. and E. 
3. and W. 
ays 
IV. Ap il 1912. N. and E. 3 Ad N. 35° E. 70 2°2 18-137 *B-4°3 
May 1912. | N. and W. 1 25 N. 38° W. 16 5 es 3 
June 1912. |S. and E nae 4, ae wis 
S. and W. 
4 | 12-5 
SumMary. N. and E 9 29 
N. and W 2 6°4 
S. and E 1 3°2 
S. and W 19 61:3 
31 | 90 


Of the 5 remaining fish of the experiment, 1 was taken in 1912, 3 in 1913, and 1 
in 1916. A female, measuring 35-5-43-2 cm., was caught on 5th October 1912, after 


474 days, 12 miles to the north and east ; 


it was “‘ 


about half ripe.” 


In May 1913, 


the fish whose sex was not ascertained was recaptured 26 miles to the north and 


east, after 683 days. 


In July 1913, after 757 days, a male, measuring 36-41°8 em., 


was caught only 5 miles to the north and east, and in October 1913, after 837 days, 
a female of 38-44:7 cm., was taken 17 miles to the south and east, off St. Abb’s 


Head. The female caught in October 1912 was described as “half ripe.” 


In 


June 1916, after nearly 5 years of freedom, a female was caught 43 mails to the 


north-east of the station. 


ductive organs was not recorded. 


4* 


It measured 37-50°8 cm., but the condition of the repro- 
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The mean direction taken, and the mean distance gone in each of the quadrants 
is shown in the following table :— 


Aggregate | Average 
(Quadrant. Sex. No. of Distance Distance Mean 
Fish. 2 : Direction. 
(miles). (miles). 
N. and E. Adult Males. 8 476 59 Nw 3 Loa 
Adult Females. 3 wa 24 No622 
Immature Females. 1 45 45 Ns'62c08e 
q 1 26 26 N. 54°. 
53 620 48 N. 40° E. 
N. and W. | Adult Males. 1 iu sie N. 46° W. 
Immature Females. 1 16 16 N. 38° W. 
2 33 165 | N. 425 We 
S. and E. Adult Females. 2 30 1es Se 2Omebe 
S. and W. Adult Males. 4 24°5 6:1 +. |.82 49> awe 
Immature Males. 3 16 5 S: biawe 
Adult Females. a 6 6 S. 50° W. 
Immature Females. wu 86 78 S. 56° W. 
19 132°5 (i! S. 53° W. 
SuMM|ARY. 
N. and E. 1183 620 48 N. 40° E. 
N. and W. 2 33 16°5 N. 42° W. 
S. and E. 2 30 15 S: 26°: 
S. and W. 19 13255 ql S. 53° W. 
36 


Distances travelled—Nineteen of the fishes recaptured (or 52:8 per cent.) of 
those about which particulars were ascertained, were taken at distances not ex- 
ceeding 10 miles from the station, viz. 9 males (56-2 per cent.) and 10 females 
(52-6 per cent.), the average distance for the males being 5-7 miles, and for the 
females 6:1 miles. Hight, or 22-2 per cent., were recaptured between 10 and 20 
miles, viz. 1 male and 7 females, the average distance being 153 miles. Thus, 
27 or 75 per cent., were caught within 20 miles of the station. 

20 to 50 miles.—Between 20 and 50 miles, 5 were recaptured (13-9 per cent.), 
2 males at 23 and 44 miles, 2 females at 45 and 43 miles, and 1 of unknown sex 
at 26 miles, all north and east. 

50 to 100 miles—Between 50 and 100 miles, 2 males were recaptured, at 55 and 
56 miles, both to the north of the station. 

Over 100 miles—Over 100 miles, the recaptures consisted of 2 males, both of 
which had migrated to the north, and were taken in the Moray Firth, 1 at 137 
miles, and the other at 144 miles distant. 


MatTurRIty. 


Males.—Of the 16 adult males recaptured, the condition of the testes was 
ascertained in 12. Two were “ripe,” viz. the one caught in February 1912, in the 
Moray Firth, at a distance of 144 miles, and the other the one caught on 2nd July 
1911, after 13 days, 6 miles to the south and west. 
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One was “ partly spent”; it was caught 55 miles to the north and east on 
19th April 1912. 

Two were “nearly ripe,” 1 caught on 12th November 1911, 5 miles to the south 
and west, and the other on 21st December 1911, 56 miles north and east, off the 
coast of Aberdeen. 

A male, taken on 30th November 1911, 44 miles north and east, was “ about 
half ripe,” and 1 caught on 21st December 1911, 23 miles north and east, off Montrose, 
was “ three-quarters ripe.” 

The other 5 adult males, recaptured in the months of June, July, and August, 
were “immature.” Of 4 males under adult size (33 cm.), the condition of the 
testes in 3 was ascertained ; they were all “immature ” and were recaptured in 
July and August 5 and 6 miles to the south and west, within a short period after 
liberation, viz. 13, 15, and 56 days respectively. 

Females.—Of the 6 adult females, the condition of the ovaries was ascertained 
in 4. One, measuring 35°5-43-2 cm., was “about three-quarters ripe’ when 
recaptured on 5th October 1912, 12 miles to the north and east. The others were 
“immature, and were caught in May, July, and September not far from the 
station. 

Of 14 females under adult size (38 cm.) on recapture, the condition of the ovaries 
was ascertained in 12. They were caught in various months, 1 in April, 6 in July, 
1 in September, 2 in October, 1 in November, and 1 in December. Only 1 had 
migrated to a moderate distance, viz. 45 miles to the north-east of Aberdeen, in 
129 days; it measured 37 cm. in October. The others had moved distances of 
mostly 5 or 6 miles, and the greatest distance was 19 miles south and west. 


EXPERIMENT V. 
11th September 1911. 


The number of fish marked and liberated in this experiment was 105, 49 being 
males and 56 females. The sizes of the males ranged from 30:5 cm. to 40: ¢m., and 
of the females from 27:5 cm. to 44:5 cm. The numbers liberated and recaptured, 
arranged in 5-cm. groups, are shown in the accompanying table :— 


cm. cm. cm. cm. em. 

25-30°5 31-35°5 36-40°5 41-455 Total, 

F. Lib. . ; i 1 16 3D 4 56 
He Recap. |. ; 1 9 24 — 34 
M. Lib. : : 2 24 23 —_ 49 
M. Recap. . ‘ — 16 14 —- 30 


Five of the males were under adult size (33 cm.) and 39 of the females were under 
38 cm. 

The fish were taken on the usual ground, viz. Station VI., Firth of Forth (“ Fluke 
Hole ’’), at 7.40 p.m. on 11th September; they were marked and kept in tanks of 
running water until 11.5 p.m. when they were liberated. None of the plaice died 
in the interval. 

The number recaptured was 64, or 60°9 per cent. of the total marked, viz. 
30 males, or 61:2 per cent., and 34 females, or 60°7 per cent. Of the 30 males, 
29 were of adult size when recaptured ; the sizes before hberation ranged from 33 to 
40 cm., the average being 36°1 cm., and the sizes on recapture ranged from 34:1 em. 
to 44:3 cm., the average being 37-3. cm. ; the period of freedom varied from 7 to 
640 days, the mean being 196 days ; the distances migrated ranged from 2 to 
238 miles, the average distance being 53°3 miles, and the average rate of movement 
was 2:7 miles per 10 days. Of the 34 females, 16 were of adult size when te- 
captured ; the sizes on liberation varied from 33:5 to 40°5 cm., the average being 
37:6 cm., and on recapture from 38 to 41-8 cm. the mean being 39:6 cm.; they 
were at liberty for from 23 to 439 days, the mean being 181 days; the distances 
travelled were from 4 to 81 miles, the mean being 33:5 miles, and the mean rate 
1:8 miles. EKighteen of the females were under 38 cm. on recapture, their sizes 
then ranging from 28 to 37°9 cm., and averaging 35-6 cm. ; they were free for from 
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7 to 211 days, the average being 91 days; the distances migrated varied from 5 
to 107 miles, the mean being 27:4 miles, and the average rate 2°9 miles. In the 
case of 3 of the males, particulars of the date and position of capture were not 
ascertained. 

Tue Extent AND Direction or MIGRATION. 


First Quarter—In the remainder of September, 5 fishes, 3 males-and 2 females, 
were captured, and particulars were obtained in regard to all but 1 female. All 
the fishes had moved, as usual, immediately after the liberation, to the south and 
west, for distances of from 5 to 133 miles, at rates varying from 9 to 5-9 miles per 
10 days. In October, 11 were recaptured, 4 males and 7 females, and particulars 
were obtained in regard to all but 2 females. Four of the females and 1 of the males 
were found to the south and west, for distances of from 5 to 8 miles. One male 
was found to the south-east, at a distance of 8 miles; another male had gone 
directly north for 2 miles, and another to the north and west for 6 miles. The 
average distance was 6:2 miles, and the mean period of liberty 27 days. In November, 
the number taken was 4, all females, 3 of them south and west, 2 at distances of 
4 and 5 miles respectively, while the third had moved into the Firth of Forth, 
and was caught on the south shore, in Gosford Bay, 26 miles distant, after 60 days ; 
the fourth went 11 miles to the north-west in 60 days. 

Thus in September, October, and November, 20 fishes, or 31:2 per cent. of the 
total recaptured, were taken, particulars being obtained for 17, of which 12, or 
75 per cent., had moved south and west for an average distance of 9 miles, at a 
mean rate of 4 miles per 10 days. Two, or 12:5 per cent., had moved north and 
west for an average distance of 8 miles, and 1 south and east for a distance of 8 
miles; only 1, a female, was found to the north and east, 10 miles distant, and 
a male had gone due north. The chart of the results for this quarter shows all 
the fishes, except 3, going west and south of the station. 

Second Quarter —In December, January. and February, quite a different condi- 
tion is revealed, and this also of a kind we have seen before. The number re- 
captured was 20, or 31:2 per cent., 7 males and 13 females, and particulars 
were obtained for all but 1 of these. Ten, or 52°6 per cent., had migrated to 
the northwards for distances of from 13 to 188 miles, the average being 88 miles, 
and the average rate 5°8 miles. Four, or 21 per cent., went to the south-west, for 
distances of from 5 to 8 miles, the mean being 6 miles and the rate of travel ‘6 mile. 
Five, or 26-3 per cent., went north and west for distances of from 12 to 26 miles, 
the average being 21 miles, and the mean rate 1°8 miles; none was found to the 
south and east. The number taken in December was 8, 3 males and 5 females. 
Only 1 was found to the north-east, at a distance of 13 miles; 4 were got to the 
south and west, 3 at distances of 5 miles, and 1 at 8 miles; 3 were found to the 
north and west, 1 at a distance of 12 miles, 1 to the northwards of the Bell Rock, 
at 20 miles, and the third in St. Andrews Bay. 26:5 miles distant; the latter, a 
female, measured 34:5 to 33-9 cm., and the ovaries were “ very immature.” 

In January, 2, both females, were caught ; the position of capture of 1 was 
not ascertained, but the other was taken 49 miles to the north and east, off Aber- 
deen. This was the first fish caught far to the north, but in February there were 
several. In that month, 10 fishes were recaptured, 4 males and 6 females. Eight 
of them, including all the males, were taken to the north, at distances of from 
53 to 188 miles, the mean being no less than 103 miles, while the periods of liberty 
ranged from 145 days to 169 days, and averaged 156 days. Two of the males 
were recaptured in the Moray Firth, and another (“nearly ripe ” and measuring 
36 to 36°5 cm.) had passed westwards through the Pentland Firth, and was taken 
off Sandside Bay, on the north coast of Caithness, after 155 days, the mean rate 
of travel in this case being 12°1 miles per 10 days. A female was recaptured nearly 
east of Kinnaird Head, 107 miles distant, and the other north-going fish were 
recovered on the north part of the coast of Aberdeen. The rate of movement per 
10 days of the north-gomg fish was from 3:5 to 12-1 miles, and averaged 6°6 miles. 

The condition of the reproductive organs was ascertained in 6 of these fish ; 
1 male was “ripe”; another “nearly ripe”; and the third “three-quarters 
ripe’; while a female was “fully half-ripe”’; and another “half-ripe.” Only 
1 of these females was described as “immature,” and it was only 28 cm. in 
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length when it was recaptured, though it had migrated a distance of 74 miles, 
and was caught a little north of Buchanness, after 169 days. 

The remaining 2 fishes which were caught in February, both females, had 
gone westwards into the Firth of Forth, very near-the place where they were origin- 
ally taken, a distance of 22 or 22-5 miles ; they measured respectively 36°5 to 37:3 
em. and 33:5 to 34 cm.; the former was “rather immature,” and the latter “ very 
immature.” 

We thus see that, as in other instances, the proportion recaptured to the north 
increases with the increase of the period of liberty, and that it is clearly a spawning 
migration. 

Third Quarter—In March, April, and May, 7 fishes, or 10-9 per cent., were 
recaptured, all to the north, the distances ranging from 36 to 238 miles, and averaging 
ing 102 miles, while the mean rate of travel was 4:9 miles. Five were males and 
2 were females, but the particulars of the position of recapture of a male and a 
female were not ascertained. In March, a male, “ nearly ripe,” was caught 71 miles 
distant, off Buchanness. In April, 3 males and 2 females were recovered. 
One male was caught 64:5 miles distant, near Buchanness; it was “spent” ; 
another male had passed through the Pentland Firth, and along the whole north 
coast of Scotland, and was caught 14 miles W.S.W. of Cape Wrath, 238 miles away, 
after 208 days, having migrated at a mean rate of 11:5 miles per 10 days; it was 
“partly spent’; the position where the third male was recaptured was not ascer- 
tained. This was the case also with one of the females, and the other female, 
measuring 35°5 to 36-6 cm., had moved least of all, and was caught after 211 days 
36 miles to the north and east, off Tod Head; it was “‘immature.” One fish, a 
male, was taken in May, after 261 days, only 2 miles north of the station ; it 
measured 33 to 38°6 cm., and was “immature.” In this quarter, therefore, the 
movements revealed were the same as in the one previous, namely, to the north- 
wards, and in connection with reproduction. 

Fourth Quarter—In the next three-monthly period, 8 fishes, or 12°8 per 
cent., were recaptured, 4 males and 4 females. Six, or 75 per cent., had 
migrated to the north and east, for from 25 to 81 miles, the average being 46°6 
miles, and thus the distances were much less than in the previous months; the 
mean rate of travel was 1:6 miles per 10 days. One had gone northwards for 12 
miles, and 1 south and east for 14 miles. Of the & fishes caught, 7 were 
taken in June, 5, 2 males and 3 females, to the north and east, mostly off the 
coast of Aberdeen, and not so near the coast as the specimens in the earlier 
part of the year, but more offshore, the distances ranging from 25 to 54 miles ; 
1 of the other 2,a male, was got 12 miles to the westward, towards the mouth 
of the Firth of Forth, and the remaining fish, also a male, 14 miles to the south and 
east, off St.Abb’s Head. The condition of the reproductive organs was ascertained 
in 5 cases; they were “immature,” except 1 female, caught on 4th June 
south-east of Aberdeen, 44 miles distant, which was “ partly spent.” None was 
recaptured in August. 

Altogether, in the 12 months following liberation, 55 fishes, or 85-9 
per cent. of the total recaptured, were again caught, viz. 23 males (76:7 
per cent. of all males recaptured) and 32 females (95°9 per cent. of all 
females). The position of capture was ascertained for all except 1 male and 5 
females. Two had moved directly north for a distance of 2 miles; 2 (42-9 
per cent.) had migrated to the north and east; 16 (32-7 per cent,) had gone to 
the south and west ; 8 (16-3 per cent.) north and west, and 2 (4°1 per cent.) south 
and east. 
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a * . Pe Range. 
j : is as ean Mean Average ae ie Spi 
Quarter. Direction. 3 = ee ie ra eae 10 Days a 
5 Total. &): | (miles). |Distance.] Rate. 
a * 
I. Sept. 1911. N. 1 5:9 N. 2 7 
Oct. 1911. N. and E. 1 59 | N. 28° E. 10 4°5 se ay 
Nov. 1911. | N. and W. 2 Ue Ss| Ne too iW: 8 Pll 6-11 1:8—2°5 
S. and E. 1 5:9 | S. 49° E. 8 BIH ne Ss 
S. and W. 12 LOSGaESOD SVE 9 4 4-36 ‘6-71 
17 26°6 ai 4-26°5 | ‘67:1 
II. Dec. 1911. N. and E. 10 52.6 | Ne 25° Kh 88 5 13-188 | 1:3-127] 
Jan. 1912. N. and W. 5 26°3 | N. 54° W 21 1 


8 

8 12-26°5 | 1°1-3°3 
Feb. 1912. S$. and E. 
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S gidowal ab leone tne agewwc ti. 16 5-8 5-9 
19 29°7 ie wis Ae 5-188 5—12°1 
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S. and W. fe aR ie oe if a 
8 12:5 
SUMMARY. N. 2 4°] 
N. and E. 21 42:9 | 
N. and W. 8 16°3 
S. and E. 2 4:1 
j S. and W. 16 ByA7 | 
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Of the remaining fishes, 5 were recaptured in 1912, 3 in October and 2 
in November ;1 was taken in June 1913. Four were males and 2 were females, 
but the position of recapture of 1 of those was not ascertained. All the others 
were recaptured to the north and east of the station, 2 males in October, 44 and 
101 miles distant ; a male and a female in November, 82 and 68 miles distant, after 
434 and 439 days respectively ; while the fish taken in June 1913 was the male 
measuring 34:5-40 cm., which was caught after 640 days 20 miles to the north-east, 
off Tod Head. The males taken in October were respectively “nearly ripe” and 
“half-ripe ” ; the condition of the reproductive organs of the other 4 fishes was 
not ascertained. 

It may be noted that, of the fish which were got farthest out from shore on the 
east coast, the majority were recaptured in June (viz. Nos. 3611, 3603, 3570, 3609, 
3531, 3619); two, farthest out of all, were caught in November, and two others 
in October (see chart). There appears from this to be an offshore movement in 
summer. 
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A summary of the mean direction and distance in each quadrant is shown in 
the following table :— 


Aggregate Average ‘ 
Quadrant. Sex. pi h : Distance Distance jae 
[ say (miles). (miles). oe 

N. and E. Adult Males. 14 855 61 ING ob 13} 

Adult Females. 7 373 53 N. 36° E 

Immature Females. 5 290 58 Ne 232 

aah’ 26 | 1518 584 | N.33°E. _ 

N. and W. Adult Males. 4 50 12°5 N. 47° W 
Immature Females. 4 82 20°5 N. 77° W 

8 132 16°5 N. 62° W 

S. and E. Adult Males. 2 22 Il S. 26° E. 
S. and W. Adult Males. 3 21 if S. 63° W. 
Immature Males. i 13°5 13°5 S. 35° W. 

Adult Females. 5 30 6 S. 50° W. 

Immature Females. i 67 9 S. 54° W 

16 131°5 82 8. 53° W 

N Adult Males. 2 4 2 N 
SUMMARY. 
N. and E. 26 1518 58°4 N33" Bh: 
N. and W. 8 132 165 N. 62° W. 
S. and FE. 2 22 1l S. 26° E. 
S. and W. 16 131°5 8:2 S. 53° W. 
N. 2 4 2 N. 
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Distances travelled—Kighteen of the fishes, or 33-3 per cent., of those about 
which particulars exist, were recaptured at distances not exceeding 10 miles from 
the station, viz. 12 females (42-9 per cent.) and 7 males (26-9 per cent.). The 
mean distance for the females was 5:9 miles, and for the males 5:5 miles. All 
the females had moved to the south and west except one, which was got 10 miles 
to the north and east ; of the males, 2 were got to the north, 1 north-west, 2 
south-west, and 1 south-east. Between 10 and 20 miles, 8 fishes were re- 
captured (14°8 per cent.), 6 being males (23-1 per cent.) and 1 a female, the 
average distance being 17-1 miles. Thus, 26 fishes (48:1 per cent.) were recap- 
tured at distances not exceeding 20 miles, 13 being males (50 per cent.) and 13 
females (46-4 per cent.). 

20 to 50 miles.—Thirteen (22-2 per cent.) were recaptured at distances of from 
20 to 50 miles, the average distance being 30°6 miles. Five were males and & 
were females (19-2 and 28-6 per cent. respectively of the total males and females 
of which particulars were ascertained). 

50 to 100 miles.—Ten fishes (18°5 per cent.) were got, 4 males and 6 females, 
the average distance for the former being 68 miles and for the latter 65-5 miles, and 
the average distance for both combined was 66:7 miles. They were all taken to the 
north-east of the station. 

Over 100 miles.—Six (11-1 per cent.) were taken at distances exceeding 100 miles, 
namely 5 males and 1 female. All had moved north and east, along the coast. 
The distances migrated by the males were 101, 126, 155, 188, and 238 miles. the 
average being 162 miles; 2 were caught in the Moray Firth, 1 off Kinnaird 
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Head, 1 on the north coast, and 1 on the west coast, off Cape Wrath. The 
female had gone a distance of 107 miles, to a position north-east of Kinnaird Head. 


Maturity. 


adult size on recapture, the condition 
of the testes was ascertained in 24. One was “ripe”; it was taken on 13th 
February 1912, after 155 days, 57 miles to the north, a little north and east of 
Aberdeen, the mean rate of travel having been 3-7 miles. 

Seven were ‘nearly ripe,” viz. 1 taken in October 1911, 6 miles to the south 
and west; another on 13th December 1911, 20 miles north and west; a third 
on 26th December, 12 miles north and west; the fourth on 13th February, on 
the north coast, 188 miles distant ; the fifth on 14th March 1912, 71 miles north 
and east; the sixth in April 1912, at a position unspecified ; and the seventh 
in October 1912, 31 miles north and east. 

Three of the males were “ spent,” all got to the north, 2 off the coast of Aberdeen, 
64 and 44 miles distant, in April and June 1912 respectively, and the third west 
of Cape Wrath, 238 miles distant, im Apnil 1912. 

In 5 the testes were “ maturing”; 1, caught in February 1912, in the Moray 
Firth, 155 miles distant, was described as three- quarters ripe. Two, caught in 
Octcber 1911, 2 and 6 miles to the northwards, were “fully half ripe % ; 1, taken 
in October 1912, also “ half ripe,” was caught 101 miles north aid east ; a third, 
“nearly halt ripe, ” was caught 1 in September 10 miles to the south and west. 

Hight were “immature,” but particulars about only 5 of them were obtained ; 
they were caught in the months May, June, September, October, and December, 
at distances of from 2 to 32 miles distant. 

Females.—Of 16 adult females, the condition of the ovaries was obtained in 
13. None was “ripe”; 1 was “nearly ripe,’ and was caught m December 
8 miles to the south and west. 

Two were “maturing”; 1 was caught in February 53 miles to the north and 
east ; particulars regarding the other 1 were not given. 

Ten were “immature ” ; of 1 of these, caught in April, particulars were not 
obtained ; 2 were caught in December, each 5 miles to the south and west; 3 
were taken in June, all north and east, for distances of 25, 43, and 54 miles; 1 
was got in July, 81 miles north and east ; 1 in October, about which particulars 
do not exist ; 1 in November, 4 miles to the south and west; and 1 in January, 
49 miles north and east. 

Of 18 females under the adult size on recapture, 1 was “nearly ripe.” It 
measured 37-37°4 cm.. and was caught on 15th November, after 65 days, 5 miles 
to the south-west; 1, taken in February, 63 miles to the north and east, and 
measuring 37-39 cm., was i fully half ripe.” 

Thirteen were “immature”; they were -caught as follows :—1 m January, 
3 in February, 1 in April, 2 in September, 2 in October, 2 in November, and 2 in 
December. ‘The position of recapture was ascertained for 11 of these females ; 
3 were taken to the north and east, at distances of 10, 36, and 74 miles; 4 were got 
to the north and west, at distances fi 11, 22, 22, and 26 miles: 4 were caught south 
and west, 3 at 5 miles, and the fourth at 26 miles, the latter in the Firth of Forth: 


EXPERIMENT VI. 
Tth March 1912. 


In this experiment the number of plaice marked and liaberated was 100, the 
males numbering 22, and the females 78. The sizes of the males ranged trem 
32 to 48:5 cm., and of the females from 31 to 60 cm. Five of the males were under 
33 cm. and 42 of the females under 38 cm., when liberated. The numbers liberated 
and recaptured, in 5-cm. groups, are shown in the accompanying table :— 


cm. cm. cm. cm. em. em. Total. 
31-35°5 36-40°5 41-45°5 46-50°5 51-55°-5 56-60-5 
F. Lib. j Be te) 36 8 2 — 4 78 
i. Recap... 6-122 29 4 1 _ 4 60 
M. Lib. . 13 7 ] 1 tas an 99 
M. Recap. . ’ 8 3 1 1 ae ios 13 
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The fish used in this experiment were caught at Station VI., Firth of Forth 
(Fluke Hole), on the 6th of March ; they were marked between 5.50 and 6.50 p.m., 
kept in tanks of running water and liberated on the 7th at 10 a.m. None of them 
died in the tanks. 

The number recaptured was 73 (or 73 per cent. of the total marked), viz. 
13 males (59:1 per cent.) and 60 females (76:9 per cent.). Of the 13 males, 12 
were of adult size on recapture; the lengths on liberation varied from 32:5 to 
48-5 cm., the mean being 36-4 cm., and on recapture from 33°9 to 48:5 em., the 
average being 38°9 cm.; the periods of liberty ranged from 6 to 772 days, the 
mean being 210 days; the distances migrated were from 1 to 114 miles, averaging 
30 miles, and the mean rate of travel was 1-4 miles per 10 days. Of the 60 females, 
43 were of adult size on recapture ; the sizes on liberation were from 33:5 to 60 cm., 
the mean being 39-8 cm., and the sizes on recapture varied from 38 to 61°6 cm., 
the average being 42°8 cm. ; the periods of freedom were from 5 to 801 days, and 
averaged 238 days; the distances migrated ranged from 5 to 173 miles, the mean 
being 31°6 miles, and the average rate 1:3 miles. Seventeen of the females were 
under adult size on recapture ; on liberation, the sizes varied from 31 to 38 cm., 
the mean being 34:1 em. ; and on recapture, from 31:3 to 37-7 cm., with an average 
of 34:7 em., the periods of freedom were from 1 to 120 days, averaging 31 days, 
and the distances migrated ranged from 4 to 23 miles, the mean being 12-1 miles 
and the mean rate 3°9 miles per 10 days. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter —In the remainder of the month of March, 13 fishes (17:8 per 
cent.) were recaptured, 3 males and 10 females. All had moved in a more or 
less westward direction. Six were taken to the south and west, at distances of 
from 5 to 16 miles, and 7 to the north and west, at distances of from 10 to 23 miles. 
One of the females, measuring 33°5 cm. to 33°8 cm.,; had moved back to near the 
position in the Firth of Forth where it was originally caught, or 23 miles in 16 days, 
or at the rate of 14:4 miles per 10 days. All the fish, indeed, had travelled more 
quickly than usual, and for a somewhat greater distance. In those caught to 
the south and west, the average distance was 10-3 miles in an average period of 
4-7 days, the mean rate being 2°2 miles per day. One female was recaptured 
16 miles to the south-west on the following day, and another 3 miles almost in 
the same direction 2 days after liberation, the rate in these cases being respectively 
16 miles and 1:5 miles per day. With 2 exceptions, these fish, both females and 
males, were under adult size, the 2 females referred to measuring 34 and 33°5 cm. 
respectively. A female of 38 cm. had moved 6 miles in 7 days, and a male of 
37°5 em. 5 miles in 8 days. Of the 7 found to the north-west, 6 of which were 
females, the average distance was 13-3 miles in a mean period of 7:6 days, the 
mean rate being 1:75 miles per day. One female was adult, measuring 41 cm., 
and the male measured 33-5 cm. With 1 exception, the reproductive organs of 
the 13 fishes were “immature.” The female, which measured 41 cm. and had 
moved 10 miles to the north and west, was captured after 5 days, and was “ half 
ripe.” 

In April, 11 were recaptured (or 15:1 per cent. of the total), 10 females and 
1 male. Particulars were obtained for all but 1 of the females. Five were 
caught to the south-west, at distances of from 4 to 16 miles, the average distance 
being 7°8 miles, and the mean rate 2 miles per 10 days. One was taken to the north 
and west, at a distance of 20 miles, the rate of travel being 3-7 miles; 1 was 
got 9 miles to the south-east ; and 3 to the north-east, at distances of 34, 79, 
and 86 miles, the first off Tod Head and the other 2 at a considerable distance 
offshore from Buchanness, the mean rate of movement of these 2 being respec- 
tively 19°3 and 22 miles per 10 days. The reproductive organs in all cases were 
“immature.” ‘ 

The number recaptured in May was 13 (or 18°3 per cent.), 12 being females 
(20:7 per cent.), and 1 male (7'7 per cent.). Six, all females, had moved 
south and west, 5 of them for 5 miles and 1 for 6 miles, after from 63 to 82 
days (average 76 days), and the rate of movement varied from ‘6 to ‘8 mile per 
10 days, the mean being -7 mile. Three females were found to the north-west, in 
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the vicinity of the Bell Rock, at distances of from 10 to 18 miles, the average being 
15 miles ; the periods of liberty ranged from 56 to 63 days, and the mean rate from 
1:7 to 3 miles. The male was recaptured to the south and east, only 1 mile from 
the station, after 68 days. Two females had moved north and east for 20 miles 
in 74 and 85 days respectively, the rates being 2°7 and 2°3 miles. The position 
of recapture of the remaining female was not ascertamed. All the fish were 
“immature,” except 2 females. One, measuring 39°5 to 41-3 cm., was described 
as “spent”; it was taken 5 miles to the south-west on 27th May. Another, 
measuring 40 to 40-9 cm., got on 2nd May 17 miles to the north-west was ‘rather 
immature.” 

Thus, the number recaptured in March, April, and May was 37, or 50:7 
per cent. of all those recaptured; 5 (385 per cent.) were males, and 32 
(53°3 per cent.) were females. Particulars in regard to 35 were ascertained ; 
17 (48°6 per cent.) moved to the south and west for an average distance of 8 
miles at a mean rate of 18:1 miles, this high rate being due to the rapid movement 
of the fish in March, as described above. Two (5:7 per cent.) went south and 
east for an average distance of 5 miles; 11 (31:4 per cent.) moved north and 
west for an average distance of 14 miles, the mean rate being 13 miles; 5 were 
caught north and east, at distances of from 20 to 86 miles, the average being 48 
miles, and the mean rate 11:3 miles. The outstanding feature of this quarter 
(well brought out on the chart) was the movement more or less westwards, chiefly 
south and west, partly north and west ; but, 2 of the fishes, both females, caught 
in April had, as we have seen, gone a long distance to the north and east. 

Second Quarter—In June, July, and August, 11 fishes (15-1 per cent.) were 
recaptured, of which 3 (23-1 per cent.) were males and eight (13:3 per cent.) were 
females. Four females were taken in June, 2, 5 and 6 miles to the south and 
west, 1, 7 miles to the north and west, and 1, 13 miles north and east. ‘Ihree 
were caught in July, 2 to the north and west, a male at a distance of 18} miles, and 
a female at 16 miles; a female went north-east for a distance of 37 miles. Four 
were recaptured in August, 2 males and 2 females. ‘Two were found to the south- 
west, a male at a distance of 9 miles, and a female at 15 miles; a male went 10 
miles to the north and west, and a female 17 miles to the north-east. In this 
quarter, therefore, 4 of the fishes (36°3 per cent.) were found to the south and 
west, the average distance being 9 miles and the mean rate -6 mile; 4 (36:3) 
were found to the north and west, for an average distance of 13 miles, the mean 
rate being 1 mile ; 3 (27-3 per cent.) were found north and east, the average dis- 
tance being 22 miles, and the mean rate 1-9 miles. All the fishes were described 
as “immature,” except a female measuring 46 to 47-2 cm., caught on 13th June. 7 
miles to the north and west, which was described as “ apparently spent.” 

Third Quarter.—In this quarter only 6 fishes (8-2 per cent.) were recaptured, 
3 females and a male in September, and 2 females in October. Two females, 
taken in September, were found at 5 and 6 miles to the south and west; 2, a male 
and a female, were caught at 11 and 15 miles to the north and west, the male in 
September and the female in October; and 2 females were taken to the north- 
east, 1 in September, off Tod Head, at a distance of 35 miles, and the other in 
October, north-east of Kinnaird Head, at a distance of 92 miles, showing a mean 
rate per 10 days of 4-4 miles. All were “immature,” except a female caught on 
11th September 6 miles to the south-west, which was described as “ half-ripe.” 

Fourth Quarter.—Two, a male and a female, were recaptured in December, 
and 6, 1 male and 5 females, in February 1913, making 8 in all, or 10°9 per 
cent. of the total recaptured. Two females had migrated into the Firth of Forth, 
1, taken on 5th December and measuring 38 to 42 cm., to the south of the bay, 
off Aberlady, a distance of 37 miles; it was “‘ three-quarters ripe”; the second 
returned to the vicinity of the locality where it was originally caught on the north 
shore ; it was taken on 20th February 1913, and measured 34:5 to 38°8 cm., and 
was “immature.” One female was caught on 3rd February 1913, 29 miles to the 
south and east; it measured 38 to 43 cm., and was “immature.” Five of the 
fish (62°5 per cent.) had migrated to the north and east for distances of from 37 
to 114 miles, the average being 58 miles, and the mean rate 1:8 miles; most of these 
were recaptured off the coast of Aberdeen at distances of from 37 to 46 miles, 
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but 1 male was taken in the Moray Firth, at a distance of 114 miles, the apparent 
mean rate being 3°9 miles. This fish, caught on 26th December, off Banff, was 
“ripe,” as was also a large female taken south-east of Aberdeen, on 17th 
February 1913. A male, caught off Aberdeen on 16th February, was “ partly 
spent”; it measured 32°5 to 34-8 cm. ; another female, measuring 59 to 59°8 cm., 
caught on 14th February, 37 miles to the north-east, off Tod Head, was “ spawn- 
ing.” 

Altogether, within 12 months of liberation, 62 fishes, or 84°9 per cent. of the 
total recaptured, were again caught, viz. 11 males (84°6 per cent. of all males 
recaptured) and 51 females (85 per cent.). The position of capture was ascer- 
tained for all, except 2 females; 15 had migrated to the north and east, 18 to the 
north and west, 3 to the south and east, and 24 to the south and west. 


if 
2 een erage | average Range. 
t Dinetion a = | Cent. Mean eras Rate per 
Quarter. mem | 8 3 | of | Direction. a ry oe 10 Days 
So Total. mes): (miles). |Distance.| Rate. 
J. Mar. 1912. N. and E. 5 14°3 | N. 28° E. 48 10) Be} 20-86 2°3—22 
April 1912. | N.and W.} 11 31-4 | N. 49° W. 14 13° 10-23 17-26 
May 1912. jS. and EK. 2 5°7 | S. 68° E. 5 i) 1-9 1-1°8 
S. and W. | 17 48°6 | 8S. 48° W. 8 18:1 4-16 6-160 
35 50°7 1-86 1-160 
iI. June 1912. | N. and E. 3 27°3 | N. 44° E. 22 19 | 13-37 11-32 
July 1912 N. and W. 4 36°3 | N. 22° W. 13 1G 7-185] “6-15 
Aug. 1912. |S. and E. Nil. 
S. and W. 4 Ge) || Se CM Vie 9 6 o-15 5-9 
11 15:1 5-37 5-3°2 
Ill. Sept. 1912. | N. and E. 2 33°3 | N. 21° R. 63 ail | 39-92 19-44 
Oct. 1912. | N. and W. 2 33°3 | N. 47° W. 13 6 11-15 6-7 
Nov. 1912. |S. and E. Nil. 
S. and W. 2 33°3 | 8. 49° W. 5 25 5-6 2-3 
6 8:2 5-92 2-4°4 
IV. Dec. 1912. | N. and E. 5 62°5 | N. 38° E. 58 1‘8 37-114 | 1.1-3°9 
Jan. 1913. | N. and W. 1 12°5 | N. 83° W. 32 9 
Feb. 1913. |S. and E. 1 12°5 | 8. 48° E. 29 9 
S. and W. 1 12°5 |S. 79° W. 37 1°3 
8 10-9 
Summary. | N. and E. 15 25 
N. and W.| 18 30 
S. and E. 3 5 
S. and W. | 24 40 
60 84:9 


Of the remaining 11 fish, 6, 5 females and 1 male, were recaptured in 1913, VIZ. 
3 in March, 1 each in July, September, and November. Two of the females, taken 
in March, were recaptured to the north-east, 1 in the Moray Firth, and the other 
east of the Orkneys, distances of 130 and 173 miles, showing a mean rate of travel 
per 10 days of 3:5 and 4-5 miles respectively ; 2, a male and a female, were got to 
the north and west, at distances of 22 and 32 miles, the latter being in the Firth of 
Forth ; 2 females were recaptured to the south and east, 1 at a distance of 16 miles, 
and the other, offshore, at 96 miles distant. Five, 1 male and 4 females, were 
caught in 1914, one in March, 3 in April, and 1 in May; three had gone north- 
wards for distances of from 11 to 109 miles, and 2 migrated north-west for dis- 
tances of 5 and 25 miles respectively. 
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A summary of the mean direction and distance in each quadrant is given in the 
following table :— 


Aggregate | Average 
| (Juadrant. Sex. Oona Distance Distance eae 
| : (miles). (miles). Se 
| N. and E. Aduit Males. 3 239 79 N. 33° E 
Adult Females. 16 759 47°4 N. 34° E 
Immature Females. 1 20 20 N. 15° E 
20 1018 50-9) IENesos 
N. and W. Aduit Males. 5 73 146 N. 53° W. 
Adult Females. 10 179 18 N. 51° W 
Immature Females. 7 98 14 N. 53° W 
22 350 16 N. 52° W 
Sand FE. Adult Males. 1 Tahoe 1 8. 73° E 
Adult Females. 3 141 47 S. 63° E 
Immature Females. 1 9 9 S. 64° E 
5 151 30 S. 65° E 
S. and W. Adult Males. 3 18°5 62 | 8. 37° W 
Immature Males. 1 16 16 S. 24° W 
Adult Females. 13 115 88 8. 57° W 
Immature Females. 7 66 9-4 S. 46° W 
od 2155 | 9 | 8. 50° W 
SUMMARY 
N. and E. 20 1018 50°9 IN. 33° EB. 
N. and W. 22 350 16 N. 52° W. 
S. and E. 5 151 30 S. 65° EB. 
S. and W. 24 215°5 9 S. 50° W. 
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Distances travelled —Twenty-tive of the fishes, or 35-2 per cent. of the total 
recaptured, were taken at distances not exceeding 10 miles from the place of 
liberation. Five (38:5 per cent.) were males, the average distance being 6 miles, 
and 20 (34:5 per cent.) were females, the average distance being 6:1 miles. 
Of the total, 18 went south and west, 5 north and west, and 2 south and east. 
Between 10 and 20 miles, 20 fishes were recaptured (28:2 per cent.), 4 (30°8 per 
cent.) being males, and 16 (27-6 per cent.) females; the average distance for the 
males was 14:1 miles, and for the females 14:7 miles. Five moved to the south 
and west, 11 to the north and west, three to the north and east, and 1 to the south 
and east, Thus, 48 of the fishes, or 67°6 per cent. of all recaptured, were taken 
within a distance of 20 miles of the station. 

20 to 50 miles.—Kighteen, or 25:3 per cent., were found between 20 and 50 
miles, 2 (15:4 per cent.) males, and 16 (27-6 per cent.) females, the average distance 
for the former being 33:7 miles, and for the latter 31:7 miles. Six had moved 
north and west, all into the Firth of Forth, to the neighbourhood of the locality 
where they were originally caught; 1 moved south and west, also into the 
Firth of Forth, 1 south and east, and 10 north and east, to the coasts of Forfar- 
shire and Aberdeenshire. 

50 to 100 miles.—Four fishes (5:6 per cent.), all females, were recaptured at 
distances of from 79 to 96 miles from the station, the average distance being 


117 


88 miles. Three went north and east to the coast of Aberdeenshire, and 1 almost 
directly east to the offshore grounds. 

Over 100 miles.—Four (5°6 per cent.), 2 males and 2 females, -were taken 
at over 100 miles, and all to the north. One male was got off Buchanness, and 
the other in the Moray Firth; 1 of the females was caught i the Moray Firth, 
and the other at Stronsay, in the Orkneys, 173 miles distant. 


MatTuRITY. 


Males.—The condition of the reproductive organs was ascertained in each of 
the 12 males which were of adult size on recapture. Two were “ripe”; 1 taken 
on 18th April 1914, after 772 days, off Buchanness, 109 miles to the north-east, 
the other caught on 26th December 1912, after 294 days, in the Moray Firth, at 
a distance of 114 miles. 

Two were “spent”; 1 was caught on 16th February 1913, after 346 days, 
off Aberdeen, at a distance of 45 miles, and the other on Ist March 1913, after 
359 days, in the Firth of Forth, at a distance of 223 miles. 

The other 8 were “‘immature ” ; 2 were taken in March, | in April, 1 in May, 
1 in July, 2 in August, and 1 in September. They had migrated distances of from 
1 to 184 miles, 4 to the north-west, 3 to the south-west, and 1 to the south-east. 

Females.—The condition of the ovaries was ascertained in 38 of the 43 adult 
females. Two were ‘‘ spawning,” 1, of 59°8 cm., caught on 14th February 1913, 
after 344 days, 37 miles to the north and east, off Tod Head, and the other, measur- 
ing 43:3 em., on 23rd March 1913, after 381 days, at Stronsay, Orkney Islands, 
173 miles distant from the place of liberation. 

One was “ripe”; it was taken on 17th February 1913, after 347 days, off the 
coast of Aberdeen, 46 miles to the north and east. 

One was “nearly ripe’ on 16th February 1913, and was caught in the same 
locality. 

Four were “spent,” viz. 1, measuring 57°5 em., taken in the Firth of Forth, 
off Pittenweem, on 23rd March 1914, after 746 days; 1, of 47-2 cm., got on 13th 
June 1912, after 98 days, 7 miles to the north and west ; a third, of 41-3 cm., taken 
on 27th May 1912, after 81 days, 5 miles to the south and west ; the fourth, measur- 
ing 61:6 cm., on 17th May 1914, after 801 days, off Tod Head, 36 miles to the north 
and east. 

Four were “maturing.” They were caught in March, September, November, 
and December ; | in the Firth of Forth, another 96 miles distant to the eastwards, 
the third 10 miles to the north and west, and the fourth 6 miles to the south 
and. west. 

Twenty-six were “immature.” Two were taken in February, 5 in April, 
8 in May, 3 in June, 2 each in July, August, September, and October. Three 
had moved considerable distances ; 1, of 38-5 cm., was caught on 15th April 1912, 
after 39 days, off Aberdeenshire, 86 miles distant ; another, of 48-1 cm., was taken 
on 4th October 1912, after 211 days, off Rattray Head, a distance of 92 miles ; 
the third, of 39-9 cm., was caught on 17th April 1912, after 41 days, off Buchan- 
ness, at a distance of 79 miles. 


EXPERIMENT VII. 
24th April 1912. 


In this experiment 101 fishes were liberated, viz. 27 males, 71 females, and 
3 whose sex was not determined. The sizes of the males ranged from 32 to 40 cm., 
and the sizes of the females from 32 to 63 cm. Of the females, 16 measured from 
31 to 35:5 cm. ; 32 from 36 to 40:5 cm. ; 15 from 41 to 45:5 em. ; 4 from 46 to 50°5 
em.; 2 from 51 to 55-5 em. ; and 2 over 61 cm. Of the males, 15 measured from 
31 to 35-5 cm., and 12 from 36 to 49 cm. Three, whose sex was not ascertained, 
measured 36, 37, and 38 cm. Only 1 male and 11 females were under the adult 
size on liberation (33 cm. and 38 cm.). 

The fish for this experiment were caught on Station VI., Firth of Forth (a little 
offshore, between St. Monans and Pittenweem, in from 12 to 20 fathoms), on 23rd 
April. They were marked between 4:35 and 6 p.m., and kept in tanks, with a 
good circulation of water, until 1.30 p.m. next day; when they were liberated. 

The number recaptured was 76, or 75:2 per cent. of those liberated, of which 21, 
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or 77:7 per cent., were males, 54, or 76-1 per cent., females, and 1 was of unknown 
sex. Of the males recaptured, 11, or 73:3 per cent., were of the first group mentioned 
above, of smaller fish, and 10, or 83:3 per cent., of the larger group. Among the 
females recaptured, 14, or 87:5 per cent., belonged to the smaller group (under 
36 cm.), 26, or 81:2 per cent., to the next largest group, 11, or 73°3 per cent., to the 
group from 41 to 45°5 cm. 

All the males were of adult size on recapture, and the particulars in regard to 
them are as follows :—They had been at liberty for from 33 to 798 days, the average 
being 293-6 days; their average size on liberation was 35-7 cm., and on recapture 
38:5 cm.; the distances migrated ranged from 5 to 156 miles, the average being 
42-75 miles, and the mean rate of movement 1:5 miles per 10 days. 

Of the 54 females, 46 were of adult size on recapture ; they had been at liberty 
for from 7 to 868 days, the average period being 203-8 days; their average size 
on liberation was 40-1 cm., and on recapture 43-2 cm.; the distances migrated 
varied from 3 to 300 miles, the mean distance being 28°8 miles, and the average 
rate of travel per 10 days was 1:4 miles. 

The other 8 females were under the size of maturity on recapture, the mean 
size being 35:8 cm. against 33°9 cm. on liberation ; they had been at liberty for 
from 12 to 163 days, or an average of 93 days; the distances travelled were from 
4 to 8 miles, the average being 5:9 miles, or at the rate of ‘6 mile per 10 days. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter —In May 1912, the month following their liberation, 13 fish were 
recaptured, 12 females and 1 male. The position of capture was ascertained for 
all but 1 female ; 4 of the fishes, including the male, had moved to the south and 
west, in the direction of the coast south of the Firth of Forth, for distances of 
from 5 to 6 miles; 5 had gone to the south and east, for distances of from 6 to 
24 miles ; 2 north and west for 53 and 23 miles, 1 directly east. 

In June, 11 were recaptured, 4 males, 6 females, and 1 of unknown sex. Three 
had moved to the south-west, for from 5 to 9 miles, 2 to the south and east, each 
for 5 miles, and 6 to the north and east for from 5 to 20 miles. 

In July, 7 were taken, 6 females and 1 male. Two had moved south and west, 
each for 5 miles, 2 north and east, for 5 and 8 miles, and 3 to the north and west, 
in the direction of the coast, for 11, 14, and 15 miles. 

Thus, in the first three months following liberation, viz. May, June, and July, 
31 fishes were recaptured (or 40°8 per cent. of the total recaptured), particulars 
being ascertained for 30 of them. Six were males, 22 females, and 1 of under- 
termined sex, the percentages being 28°6 of the total males recaptured, and 40-7 of 
the total females recaptured. There was thus a considerable excess of females. 
None of the fishes had moved to any great distance, the maximum being 24 miles ; 
and (as the chart shows very well) they were tolerably well dispersed in all direc- 
tions around the station. In the accompanying table, in which the particulars 
are summarised, it will be seen that 8 fishes (or 26-7 per cent.) moved to the north 
and east for a mean distance of 9:4 miles; 5 (or 16-7 per cent.) moved north and 
west for a mean distance of 13-7 miles ; 7 (or 23°3 per cent.) moved south and east 
for a mean distance of 12:5 miles; 9 fishes (or 30 per cent.) moved south and west 
for a mean distance of 6 miles; and 1 had gone directly east for 3 miles. 

Second Quarter —In the next three months, August, September, and October, 
13 fishes (or 17-1 per cent. of the total) were recaptured ; 3 were males (or 14-3 per 
cent. of the total males recaptured) ; and 10 were females (or 18°5 per cent.). In 
this period the majority of the fishes were caught to the south and west, viz. 8 (or 
61:5 per cent.), but they had moved only short distances, from 4 to 15 miles, the 
mean being 6°8 miles. One had gone north and west for 9 miles, and 1 south and 
east for 34 miles. Other 2 fishes had moved north and east, to off the coast of 
Aberdeen, 1 for 37 and the other for 50 miles; and 1 had gone west for 10 miles. 

Third Quarter.—In the 3 months, November and December 1912, and January 
1913, 10 fishes (or 13-2 per cent. of the total recaptured) were taken, 3 being males 
(or 14:3 per cent.) and 7 females (or 13 per cent.). In this case also the majority 
were caught to the south and west, viz. 5 (or 50 per cent.), but the distances were 
again very small, from 4 to 15 miles, the mean being 7°8 miles. None was got 
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to the north and west, and only 1 to the south and east, 11 miles distant. Four 
of the fishes (or 40 per cent.) were taken to the north and east, having migrated 
northerly along the coast, the distances travelled ranging from 70 to 149 miles, 
the mean being no less than 104 miles. One, a male, was canght on 21st January 
1913, 149 miles away, off Kinnaird Head. Another, a female, was also got off 
Kinnaird Head, 127 miles distant, on 12th January 1913. The condition of the 
reproductive organ of the male was not determined, but, as it was 41-7 cm. in length, 
it was probably “‘ mature,” or approaching maturity ; the female, a large fish of 
64 cm., was “‘ nearly ripe.’ 


The characteristic of this quarter, especially obvious on the chart, was the 
migration to the north. 
Fourth Quarter —Nine fishes (or 11:8 per cent. of the total) were recaptured 
in February, March, and April 1913. 
females recaptured), and 4 (or 19 per cent.) were males. Of the total, 8 (or 88 per 
cent.) were taken in the north, at distances varying from 8 to 115 miles, the average 
Only 1 was got to the south-west, at a distance of 5 miles, and 
none to the north and west, or to the south and east. 
Altogether, 63 of the fishes (or 83 per cent.) were recaptured within 12 months 


being 58 miles. 


after liberation, 46 being females, 16 males, and 1 of undetermined sex. 
ticulars of recapture were ascertained for all but 1 of these. 


Five were females (9°3 per cent. of the total 


Par- 


Twenty-two (35:5 per 


cent.) moved north and east ; 6 (9°7 per cent.) went north and west ; 9 (14:5 per 
cent.) south and east ; 23 (37:1 per cent.) south-west ; 1 (1:6 per cent.) directly 
east ; and 1 went west. 


e BS Ber A Average Range. 
tok FS | Cent Mean Vverase lRate per Te ys 
Quarter. Direction. | 3 3 | of Dircenan: Distance 10 Days 
ge Total (miles). (miles). |Distance.| Rate. 
TI. May 1912. | N. and E. 8 ZOciel Negi eH: 9-4 De 5-20 6-53 
June 1912. | N. and W. 5 16°7 | N. 35° W. 327) 53 | 5.5-23 1°5-19°2 
July 1912. |S. and E 7 PAE) [fish ois Dr 12°5 9°6 5-24 11-20 
S. and W 9 30° S022 We 6° 1-4 5-9 *H-2°1 
E. 1 aye EK. ae 33533 ae 
30 39°5 5-24 5-20 
II. Aug. 1912. | N. and E 2 15°4 | N. 38° E. 43°5 2°8 37-50 2'1-3°4 
Sept. 1912. | N. and W. 1 DTN oe We ge 6 aes as 
Oct. 1912. |S. and E 1 7-7 | 8. L4° 3h, 34° 2°6 rit . 
S. and W 8 GIESUINS 39> We 6°8 5 4-15 2-1°5 
W. 1 Bil W. 10° seh be : 
1} 17:1 5-50 2-3°4 
11I. Nov. 1912. | N. and E. 4 40 N. 34° E. 104 3°8 70-149 | 2°5-5°5 
Dec. 1912. | N. and W.| Nil. 
Jan. 1913. |S. and EK. 10 She 18 1] D ee F 
S. and W. 5 50 S. 69° W. 78 cS 4-15 1—6 
10 132 Bye 4-149 1-5'5 
IV. Feb. 1913. | N. and E. 8 88 N. 34°E. 58 18 8-115 3-3°9 
Mar. 1913. | N. and W. | Nil. 
April 1913. |S.and EB, | Nil. 
S. and W. 1 12 S. 52° W. 5 ‘1 a7 
9 11°8 5-115 1-3°9 
SumMMaRY. N. and E. 22 35°5 
N. and W. 6 9°7 
S. and E. 9 14°5 
S. and W. 23 aah 
E. 1 16 
W. 1 16 
62 | 816 | 
| 
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In the first 3 months, May, June, and July 1912. the fish were recaptured fairly 
evenly in all directions around the station, none at any great distance, and most 
to the south and west, 7.e. in the direction of the coast between Dunbar and St. 
Abb’s Head. In the second quarter, August, September, and October, the majority 
of the fish were also got south and west, and this was also true in the third quarter, 
November, December, and January. In the fourth quarter, only 1 was taken 
in this direction. It is to be noted that all the fishes got to the south-west were 
taken on practically the same ground, at a short distance from the place of libera- 
tion, so that they did not make any definite migration as the months passed. 

The outstanding feature of this experiment is the migration to the north and 
east, along the coast, which became evident in the second quarter, was emphasised 
in the third quarter, and was most conspicuous in the fourth quarter, when 88 per 
cent. moved in this direction. It is to be observed that all these fish had migrated 
considerable distances, some of them somewhat over 100 miles. 

The remaining fish in this experiment were recaptured as follows :—Seven 
in 1913, in May, June, July, August, October, and December; and 6 in 1914, 
in February (3 fish), April, July, and September. The direction and distances 
were ascertained for all those caught in 1913; 4 had migrated north and east, 
viz. 3 females for distances of 8, 21, and 75 miles, and 1 male for a distance of 
132 miles. The females were immature, except the 1 which had migrated 75 miles ; 
it was taken in July, and is described as “apparently spent.” The male, caught 
in the Moray Firth in December, was “ripe.” One of the fishes, a female, had 
moved 4 miles to the south-west, and was taken in August “immature” ; another 
female had gone directly east for 42 miles; and a male was taken in October, 
8 miles north-west of the station, and was “ about half ripe.” 

Of the 3 caught in February 1914 the particulars in regard to 1, a male, were 
not ascertained. The other 2 were females; 1, a large fish of 64 cm., was taken 
after 660 days, 30 miles to the south-west (off Fidra), within the Firth of Forth, 
and is described as ‘“‘ nearly ripe.” The other had apparently a remarkable 
journey. It was landed at Grimsby, and is stated to have been caught at Lat. 
53° 40’ N.; Long. 5° 15’ E., or off Terschelling Island, on the Dutch coast, a 
distance of about 300 miles from the place of liberation. It was described as 
spent.” 

rane fish, a male, moved to the north-west, and was taken at a distance of 
8 miles, in April; it was “ripe.” One, also a male, had moved 156 miles north- 
east, and was found near Pentland Skerries in July 1914, after 798 days, ‘“‘ mature.” 
The last, a female, caught in September, 10 miles directly west, was described 
as “half ripe.” 


[TaBLE. 
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A summary of the resultant direction and distance in each quadrant is as 
follows :— 


NG ot Aggregate | Average 


’ ; Mean 
Quadrant. Sex. ; Distance Distance eT EE 
Fish. (miles). (miles). Direction. 
N. and E. Adult Males. 12 668 55°7 N- 39° E 
Adult Females. 13 555 42°7 N. 37° E 
Immature Females. 1 8 8 N. 77° E 
? 1 10 10 N. 48° E 
27 1241 45°9 N. 39° E 
N. and W. Adult Males. 3 27 8) Ne 2T awe 
Adult Females. 5 66'°5 Lois N. 49° W 
8 93°5 Ey | N. 39° W 
S.andE. | Adult Males. 1 5 5 S. 3°: 
Adult Females. 7 416°5 59°5 S342 H. 
Immature Females. 2 11 55 8. 34° E 
10 432°5 43°2 D:. 3°. 
S. and W. Adult Males. 4 32 8 S. 58° W. 
J Adult Females. 16 126°5 79 8. 57° W 
Immature Females. 5 28°5 SPY S. 36° W 
25 187 75 S. 538° W 
W Adult Females. 2 20 10 W 
E Adult Females 2 45 22°5 E 
aE Ee ee Lee Heese eRe finn, UG! It ED Fio B I ERP 
SUMMARY. 
N. and E. 27 124] 45°9 N. 39° E 
N. and W. 8 93°5 Lily N. 39° W 
S. and E. 10 432°5 43°2 S. 31° E 
iS. and W. 25 187 7h S. 53° W 
W. 2 20 10 W. 
E. 2 45 92°5 EK 
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Distances travelled—The majority of the marked fish did not move far from 
the station. Of the 76 recaptured, 39 (or 52-7 per cent.) were recovered at distances 
of 10 miles or less, the average being 6-2 miles, viz. the 8 immature females (100 per 
cent.), 8 males (40 per cent.), 22 adult females (48-9 per cent.), and the fish of 
unknown sex. Ten (13-5 per cent.) were recaptured between 10 and 20 miles 
distant, 3 males (15 per cent.) and 7 females (13-2 per cent.). Thus, 49 fish, or 
66:2 per cent. of all those recaptured, were got within 20 miles of the station, 
11 males (55 per cent.), 37 females (69-8 per cent.), and 1 of unknown sex. 

20 to 50 miles.—Thirteen (17:1 per cent.) were recaptured, viz. 4 males, or 
19 per cent. of all the males recaptured, and 9 females, or 16:7 per cent. 

50 to 100 miles.—Six fish (7-9 per cent.) were got between 50 and 100 miles 
from the place of liberation, 2, or 9°5 per cent., being males, and 4, or 7:4 per cent.. 
females. 

Over 100 miles.—Six (7-9 per cent.) were recaptured at distances over 100 miles ; 
3, or 14-3 per cent., were males, and 3, or 5-6 per cent., were females. 

Of the 12 fishes (15-8 per cent. of all recaptures) which had migrated 50 
miles or over, the 5 males had gone distances of from 71 to 156 miles, all north- 
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ward, 2 being taken off the coast of Aberdeenshire, 1 in the Moray Firth, 1 
off the Moray Firth, and 1 at the eastern opening of the Pentland Firth. Four 
were caught in the following winter and spring, and the fifth in the spring of 1914,— 
that is to say, all during the spawning season. The condition of the testes was 
ascertained in 3 cases, and they were “ripe” or “mature.” These fish had 
moved at a mean rate of from 2°2 to 5:5 miles per 10 days. 

Of the 7 females, 6 had migrated also to the north, distances of from 
50 to 127 miles; 4 of these were taken off the coast of Aberdeenshire, 1 in the 
Moray Firth, and 1 off the Moray Firth; 4 were caught in January, February, 
and March 1913, in the next spawning season, and they were “ nearly ripe,” “ ripe,” 
or “spent”; 1, taken in July 1913, was “ apparently spent,” and the remaining 
fish (which had gone 50 miles), taken in September, was “immature.” The rate 
of movement in these cases also was rapid, varying from a mean of 1:7 to 4°8 miles 
per 10 days. The seventh female was the one which was recorded as caught on 
22nd February 1914, off Terschelling Island, on the Dutch coast, a distance of 
300 miles 8. 43° E.; it was “spent,” and had moved at the rate of 4°5 miles per 
10 days. 

It is evident that these long migrations were for spawning purposes. 


MaTuRITY. 


The condition of the reproductive organs was ascertained in 55 of the fish, 
as follows :—T wo were “‘ spawning,” both males, and both recaptured to the north, 
off the coast of Aberdeen, in March 1913, not far apart, viz. 48 and 49 miles respec- 
tively from the station. (A third fish, a female, was captured in this region, 46 
miles distant, in April, and was ‘“‘immature.”) Two fishes were “ripe,” a female, 
caught in March 1913, 74 miles to the north-east, and a male caught in April 1913, 
92 miles north-east. All the fish actually “spawning” or “ripe” were thus 
recaptured to the northward. Seven fishes were “nearly ripe”; 1, a female, 
got in August 1912, 5 miles to the south-west, is described as in this condition ; 
a male was taken 37 miles to the north-east in October 1912 ; a female, in January 
1913, 70 miles to the north-east, and another female, also in January, 127 miles 
to the north-east. Three were recaptured in the south-west, in addition to the one 
mentioned above, a male, at a distance of 15 miles, in December 1912; a female, 
also in December, at a distance of 5 miles, and another female, in January 1913, 
at a distance of only 4 miles from the place of liberation. The condition of the 
reproductive organs of 2 males, taken in January 1913, at 71 and 149 miles to the 
northward, was unfortunately not ascertained. Four fishes are described as 
“spent,” all females; 1, caught in June 1912, 20 miles to the north-east ; 
another, taken in February 1913, in the Moray Firth, 115 miles distant ; a third, 
in May 1912, 6 miles to the south-west ; the fourth, in June, 8} miles to the south- 
west. 


RELATION OF MOVEMENT TO SIZE. 


There does not appear to be any clear relation between the size of the males and 
the distance migrated. The sizes on liberation and on recapture of the 5 males 
above referred to were as follows :—40-49:-2 cm., 39-41:'7 cm., 36-39°8 cm., 
32-40°8 cm.; 35-41 cm. Some of the large specimens had moved very small 
distances. Thus, 1 of 39-5 cm. on liberation and 42°2*cm. on recapture, had moved 
apparently only 8 miles to the north and west, though it had been at liberty for a 
period of 722 days. Another, of 35 cm. on liberation and 49°7 cm. on recapture, 
had moved only 8 miles also north and west, after 538 days of freedom. In the case 
of the females, the majority of the larger specimens moved only short dis- 
tances. ‘lie sizes of the 7 females above referred to were as follows :—40—- 
46 cm., 35-39°3 cm., 37-41°3 cm., 35-45°6 cm., 37:°5-42:5 cm., 39°5-44°9 cm., 
41-449 cm. But other large females, which had, in many cases, been at liberty 
a long periods, had apparently moved very small distances, as the following table 
shows :— 
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Size. 
ne pe 77 —+ =| Date of Recapture. eld Taio *! Direction. |" RO. 
Lib. (em.) |Recap.(cm.) 

4501 62°5 64° 13 Feb. 1914. 660 21 S. 83° W. | Nearly ripe. 
4474 52° 53°1 1 Aug. 1912. 99 5 S. 52° W. | Nearly ripe. 
4543 | 48°5 49°4 27 May 1912. 33 6 |S. 52° W. | Spent. 
4028 44°5 44°9 14 May 1912. 20 5°5 | N. 53° W. | Immature. 
4491 44° 49°6 20 Aug. 1918. 483 4 S. 57° W. | Immature. 
4473 44° 44° 1 May 1912. 7 14 S. 70° E. | Immature. 
4558 43°5 43°3 17 June 1912. 54 8°5 |S. 41° W. | Spent. 
4534 42: 42°] 6 May 1912. 12 23 N. 81° W. | Immature. 
4475 40°5 49°9 9 Sept. 1914. 868 10 W. ripe. 
4559 40°5 45°4 1 April 1913. 342 5 S. 52° W. | Immature. 

| 4464 40°5 44°8 5 Oct. 1912. 164 5 S. 52° W. | 2 ripe. 
4531 41° 44°9 12 Jan. 1913. 263 127 N. and E. | Nearly ripe. 
4477 40° 46° 14 Feb. 1913: 296 115 N. and E. | Spent. 

4527 39°5 44°9 10 July 1913. 442 75 N. 53° E. | Appar. spent. 
4525 35° 45°6 22 Feb. 1914. 669 300 S. 43° E. | Spent. 


Tt will be seen that the majority of the large females, though often at liberty 
for long periods—as much as 868 and 660 days—were recaptured within a few 
miles of the station. It is clear from this, and from the condition of the ovaries, 
that many of the large females may remain in the neighbourhood of the station and 
spawn there, without undertaking any migration worth speaking of. 


EXPERIMENT VIII. 
10th May 1912. 


In this experiment 100 fishes were marked and liberated, viz. 43 males, 56 
females, and 1 whose sex was not determined. The sizes of the males ranged from 
28°5 cm. to 42 cm., and of the females from 26 cm. to 53°5 cm. The numbers 
liberated and recaptured, arranged in 5-cm. groups, are shown in the accompanying 
table :— 


cm, cm, cm. cm, cm. cm. 
25-30°5 31-35°5 36-40°5 41-45°5 46-50°5 51-55°5 = Total. 
F. Lib. 6 26 15 6 1 2 56 
F, Recap. 4 ity fi 4 1 — 33 
M. Lib. 8 24 10 1 — — 43 
M. Recap. 6 15 0) a — = 26 
? Lib. . : _ = 1 “= — — — 1 


?Recap. ._ = — — — — — a= 


On liberation, 10 of the males and 39 of the females were under adult size, 
viz. 33 cm. and 38 cm. respectively. The fish were taken in Kirkcaldy Bay, Firth 
of Forth, partly on the 8th May and partly on the 9th ; they were marked between 
9.30 and 10 a.m., and between 1.40 and 2.15 p.m. on the 9th, and kept in tanks of 
running water, in the usual way, until 11.30 a.m. on the 10th, when they were 
liberated. None of the fish died in the tanks. 

The number of the marked fish recaptured was 59 (59 per cent.), of which 26, or 
60-4 per cent., were males, and 33, or 58°9 per cent., were females. Twenty-three of 
the males were of adult size, when recaptured, and 3 under that size (33 cm.). 
The lengths of those of adult size varied on liberation from 28°5 to 39 cm., the 
average being 33°6 cm., and on recapture from 33-2 to 41:1 cm., the average being 
36°5 cm. ; the periods of freedom varied from 14 to 679 days, the mean being 189 
days ; the distances migrated were from 2 to 229 miles, the mean being 29-2 miles, 
and the average rate of travel was 1:06 miles per 10 days. ‘The periods of freedom 
of the 3 males which were under 33 cm. on recapture ranged from 1 to 75 days, the 
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mean being 39 days ; the distances migrated varied from 5 to 10 miles, and averaged 
7 miles. Of the 33 females, 17 were of adult size on recapture ; the sizes on libera- 
tion were from 32 to 50-5 cm., the average being 38:5 cm., and on recapture from 38°6 
to 49°8 cm., the mean being 41:‘6 cm. ‘They were at liberty for from | to 862 days, 
the average being 196 days; they migrated distances of from 4 to 91 miles, with a 
mean distance of 14:3 miles, and the average rate per 10 days was ‘87 mile. Sixteen 
were under 38 cm. on recapture, the average length being 34.1 cm., and the average 
on liberation 32:1 cm.; the periods of freedom ranged from 2 to 680 days, the 
mean being 135 days; the distances migrated were from 5 to 33 miles, averaging 
12-3 miles, and the mean rate per 10 days ‘9 mile. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter —In May, 7 of the marked fishes were recaptured, 3 males and 4 
females. Five of them were taken to the south and west, at distances of from 5 to 
11 miles, the one which was taken at 11 miles being caught on the following day ; 
1 had moved south and east for 5 miles, and another north and west for 9 miles. 
Three of the females measured 44, 44, and 50°5 cm. respectively, and were ‘“‘ spent” ; 
the fourth, of 28:5 cm., was “‘ immature.” 

Nine were recaptured in June, 4 males and 5 females ; 2 were taken at 9 miles 
to the south and west, 3 at 6, 7, and 11 miles to the northwards, 2 at 6 and 8 miles 
to the south and east, and 2 at 5 and 63 miles to the north and east. All the females 
were under 38cm. ; 3 of the males were above 33 cm. 

Kleven were recaptured in July, 5 males and 6 females; 6 were taken to the 
south and west at distances of from 4 to 17 miles; 1, 10 miles to the south and east ; 
1, 4 miles directly east ; and 3, 12, 15, and 18 miles to the north and west. 

Thus the number recaptured to the end of July was 27, or 45°8 per cent. of the 
total recaptures. One had gone directly east, 2 (7-4 per cent.) north and east, 
7 (26 per cent.) north and west, 4 (14°8 per cent.) south and east, and 13 (48-1 per 
cent.) south and west. 

Second Quarter—In August, September, and October, 14, or 23°7 per cent., were 
taken, viz. 5 males and 9 females, and the positions of recapture of all but 1 of the 
females was ascertained. Two had gone directly west for 4 and 8 miles, 1 went 
south and east for 5 miles, 2 north and west for 12 and 15 miles, 3 north and east 
for 12, 17, and 56 miles, and 5 (38-4 per cent.) south and west for from 5 to 14 miles. 

Third Quarter —Only 2 were recaptured in the next 3 months, viz. a male, 
“fully half-ripe,” in December, off Aberdeen, at a distance of 54 miles, and a 
female, “immature,” in January 1913, 5 miles to the south and west. 

Fourth Quarter—Nine, or 15-2 per cent., were got in this quarter, 4in February, 
3 in March, and 2 in April. One was taken 5 miles to the south-west—a female 
of 39 cm. and “immature”; 2, both males, were got to the north-west, 1 at a 
distance of 15 miles, and the other in the Firth of Forth, at a distance of 23 miles ; 
the former was “ spawning,” and the latter “‘immature.” Five were found to 
the north-east, 4 off the coast of Aberdeen, at distances of from 33 to 91 miles; 2, 
both males, were “spawning” or “ripe”; the fifth was taken at a distance 
of 21 miles in the same Sousa The remaining fish is reported to have been 
recaptured 163 miles E. $ N. of Flamborough Head (Lat. 55° 5’ N.; Long. 4° 10’ 
K.) on the 15th March 1913, after 309 days, the distance migrated being 219 miles 
8. 55° E. It was a male, measuring 30°5 cm. on liberation and 38°8 cm. on re- 
capture ; the condition of the testes was not ascertained. 

Altogether, in the 12 months following liberation, 52 fishes were caught, or 88:1 
per cent. of the total number recaptured, viz. 23 males (88°5 per cent.) and 29 
females (87-9 per cent.). The position of recapture of 51 was ascertained; 11 
(21-6 per cent.) went to the north and east, and the same number to the north 
and west; 1 was got directly east, and 2 directly west ; 6 (11-8 per cent.) were 
taken to the south and east ; and 20 (39-2 per cent.) to the south and west. 


[TsBLE, 


i 
& Per \ Average Range. 
Directi EB =f Cent Mean ee Rate per 
Quarter irection. | = ree iiecot ia: ee 10 Days 
tS Total. (miles). (miles). |Distance.| Rate. 
I. May 1912. EK. 1 3°7 E. 4° 5 ic oe 
June 1912. | N. and E. 2 7-4 | N. 46° EB. 57 1°8 5-6°5| 1-2°7 
July 1912. | N. and W. 7 26° | N. 36° W. ili} 3 6-18 | 146-4 
8. and E. 4 14°8 | 8. 27° E. ue 3°5 5-10 | 1°3-8:°3 
S.and W. | 13 48:1 | 8. 58° W. oe 14:2 4-17 | ‘7-110 
27 45°8 4-18 7-110 
Il. Aug. 1912. | N. and E. 3 23:1 | N. 58° E. 28° 2-1 12-56 | -8-4°5 
Sept. 19)2. | N. and W. 2 15-4 | N. 47° W. 14° 9 | 12°5-15; ‘81° 
Oct. 1912. |S. and E. 1 TEU Ss eed oe 5 “4 ss 5c 
S. and W. 5 38°4 | 8. 53° W. 10° ie 5-14 3-1°5 
W. 2 15°4 W. 6 5) 4-8 3-8 
13 22° 5-56 | °3-4°5 
TE. Nov. 1912. | N. and E. 1 50° | N. 16° ER 54° 2°4 
Dec. 1912. | N. and W. act} xe oe Ad 
Jan. 1913. |S. and E. be cat Be ae , 
S. and W. 1 50" - |S. 52° W 5° 2 
2 34 
IV. Feb. 1913. | N. and E. 5 55°5 | N. 44° E 48 16 21-91 *8-3'1 
Mar. 1913. | N. and W. 2 22°2 | N. 72° W Lif) 6 15-23 | “4-8 
April 1913. |S. and E. 1 11-1 | S. 55° E 219°: iil Ale Bs 
S. and W. 1 11-1 | S. 52° W 5° 2 oy. 
15:3 
SUMMARY. N. and ll 21°6 
N. and W.| 11 21°6 
8. and E. 6 11°8 
8. and W 20 39°2 
E. 1 2° 
W. 2 3°9 
51 86-4 


Of the remaining fishes, 4 were recaptured in 1913, 1 each in June, July, August, 


and October, and 3 in 1914, 2 in March, and the third in September. 


The position 


of recapture of the latter was not ascertained. Two of those caught in 1913 had 
migrated to the north and west for distances of 54 and 224 miles, and 2 to the north- 
east, for 10 miles and 64 miles respectively. 
679 and 680 days of freedom, were caught only 2, and 53 miles to the north-east 
and south-west respectively. 


The 2 taken in March 1914, after 


[TABLE. 
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A summary of the mean direction and distance in each quadrant is shown in the 
following table :— 


No. of Aggregate | Average 


Quadrant. Sex. Fish. Distance Distance pee 
(miles). (miles). 
N. and E. Aduwit Males. 8 298°5 Oil N. 43° E 
Adult Females. 2 101 50°5 N. 42° K. 
Immature Females. 4 71 Meficed N. 50° E. 
14 470°5 33°6 N. 45° E 
N. and W. Adult Males. 7 94. 1133 INES fies 
Immature Males. il 6 6 N. 30° W. 
Adult Females. 2 34°5 Wie2 N. 16° W. 
Immature Females. 3 37 12 N. 25° W 
13 171°5 13:2 N. 41° W 
S. and E. Adult Males. 2 227 113°5 8. 35° E 
Immature Males. 1 10 10 S. 66° E. 
Adult Females. 2 10 5 Sa ocek 
Immature Females. 1 6 6 S. 25° BH. 
6 253 42 S. 28° E 
S. and W. Adult Males. 4 35 8:7 S. 61° W 
Immature Males. 1 5 5 S. 52° W 
Adult Females. 8 59 7°4 S. 47° W 
Immature Females. 8 78°5 9°8 8. 67° W 
21 1775 8°4 S. 58° W 
W. Adult Males. 1 8 8 W. 
Adult Females. ] 4 4 W. 
2 12 6 WwW 
E. Adult Males. 1 u 4 E. 
et eS, A IR A ee pacer. ene = os | 
SUMMARY. 
N. and E. 14 470'5 33'6 N. 45° EB. 
N. and W. 13 171°5 13°2 N. 41° W. 
S. and E. 6 253 42 S. 28° EB. 
S. and W. 21 177°5 84 S. 58° W. 
W 2 12 6 W. 
E 1 4 4 E 
ou 


Distances travelled.—Thirty of the marked plaice, or 52°6 per cent., were caught 
within 10 miles of the place of liberation, viz. 12 males (46-2 per cent.), with an 
average distance of 6 miles, and 18 females (58-1 per cent.), with an average distance 
of 6-1 miles. One of the males was got directly east, and 1 male and 1 female 
directly west ; 3 males and 11 females were found to the south and west ; 3 males 
and 1 female to the north and west ; 2 males and 2 females to the north and east : 
and 2 males and 3 females to the south and east. 

10 to 20 miles.—Sixteen, or 28-1 per cent., were recaptured between 10 and 
20 miles, 7 (26-9 per cent.) being males, and 9 (29 per cent.) females ; the average 
distance for the males was 14:1 miles, and for the females 13-8 miles. Seven of 
the fish were taken to the south and west, 7 to the north and west, and 2 to the north 
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and east. Thus, 46 of the 57 recapiured fish, whose positions were known, i.e. 
80-7 per cent., were found within 20 miles of the station, viz. 19 males (73-1 per 
cent.) and 27 females (87:1 per cent.). 

20 to 50 miles.—Six, or 10:5 per cent., of the fish were got betwéen 20 and 
50 miles of the station, 3 (11:5 per cent.) being males, with an average distance of 
39°3 miles, and 3 being females, with an average distance of 25:5 miles. Four fish, 
2 males and 2 females, went to the north and east, and 2, a male and a female, to 
the north and west. 

50 to 100 miles.—Four of the marked plaice, or 7 per cent., went distances of 
from 50 to 100 miles, 3 (11-5 per cent.) being males, going an average distance of 
59-3 miles, and 1 female for a distance of 91 miles. All had gone to the north-east. 

Over 100 miles.—Only 1 fish, a male, went a journey of over 100 miles. It was 
recaptured off Flamborough Head, 219 miles off in a south-easterly direction from 
the place of liberation. 

MaTuRITY. 


Males.—Of the males recaptured, 23 were of adult size, and the condition of 
the testes in 20 of them was ascertained. Two were “ spawning,” viz. 1, of 37-41-1 
em., taken off Aberdeen, at a distance of 46 miles, on 16th February 1913, after 
282 days, and another, of 37-5-39°3 cm., caught on 25th April 1913, after 350 days, 
15 miles to the north-west, off St. Andrews Bay. 

One was described as “ ripe” ; it was caught on 18th March 1913, after 312 days, 
off Aberdeen, at a distance of 49 miles, and near the place where the spawning 
male above referred to was captured. 

Three males were described as “spent”; 1 was got in May 1912, 9 miles north 
and west ; another was taken in August 1913, 53 miles north and west, and the 
third in September 1912, 13 miles to the south and west. 

A male, taken on 17th December 1912, 54 miles distant, close inshore off Aber- 
deen, was “fully half-ripe.” 

The other 13 adult males were “immature.” One was caught in February 
1913, after 280 days, in the Firth of Forth, off Pittenweem ; it measured 29:5-33-2 
em. Another, measuring 30-35°6 cm., was caught on 20th March 1914, after 
679 days, only 2 miles to the north-west of the station. Of the remainder, 1 was 
taken in May, 3 in June, 4 in July, 1 in August, and 2 in October. Most of them 
were got near the station, at distances of from 4 to 18 miles, 1 to the east, 1 to the 
west, 3 to the north-west, 3 to the north-east, 3 to the south-west, and 1 to the 
south-east. 

Females.—Ot the females, 17 were of adult size, the condition of the ovaries 
being ascertained in 15. None was “spawning” or “ripe,” but 4 were “ spent.” 
One, of 44-43-7 cm., was taken in May, after 6 days, 5 miles to the south and 
east ; another, of 50:5-49°8 cm., was caught on the day after liberation 11 miles 
to the south-west ; the third, measuring 44-44 cm., was taken in May, after 17 
days, also 5 miles to the south and west ; and the fourth, of 34-41-2 cm., was taken 
in June 1913, after 400 days, 10 miles to the north and east. 

Two were “ maturing,” caught respectively in July and October, 4 and 5 miles 
to the south and west. 

The other nine were “immature,” and were caught as follows :—One in January 
1913, after 255 days, 5 miles to the south and west; it measured 34-38°8 cm. ; 
1, whose size on liberation was about 40 cm., the size on recapture not recorded, 
was caught in February 1913, after 292 days, off Aberdeen, 91 miles to the north 
and east; a third, measuring 39-42:2 em., was caught in March 1913, after 305 
days, 5 miles to the south and west. Of the remaining fish, 3 were taken in July, 
2 at 12 miles, and 1 at 223 miles distant, 1 in August at 14 miles, and 2 in September 
at 4 and 5 miles respectively. 


EXPERIMENT IX. 


6th December 1912. 


In this experiment 202 plaice were marked and liberated, 78 being males, 122 
females, and 2 whose sexes were not ascertained. The sizes of the males ranged 
from 26°5 to 45 cm., and of the females from 27:5 to 54:5 cm. 
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The numbers liberated and recaptured are shown, in groups of 5 cm., in the 
following table :— 


cm. cm. cm. cm. cm. em. 

25-30°5 = 31-35°5 =36-40°5) = 41-45°5 = 46-50°5 = 51-555 Total. 
F. Lib. : Me LO 41 36 25 i 3 122 
F. Recap. 3 5 3l 19 18 2 2 77 
M. Lib. : ‘ 7 39 28 4 — — 78 
M. Recap. . : 4 29 ee) 3 — — 55 
? Lib. ‘ = oo 2 — — — 2 
? Recap. ‘ _ — — a — — o 


The fish which were marked in this experiment were caught at Station VL., 
Firth of Forth (off St. Monans), at 4 p.m. on the 6th December, and were liberated 
the same evening about 8 o’clock, all in good condition. 

The number recaptured was 132, or 65-3 per cent. of those liberated, comprising 
55 males (70-5 per cent.) and 77 females (63-1 per cent.). The date of recapture 
of one was not ascertained. 

Of the males caught, all but 4 were over 33 cm. in length, and may accordingly 
be considered adult. These, 51 in number, had been free for periods ranging from 
12 to 670 days, the average being 283 days ; their sizes on liberation ranged from 
27'5 to 43 cm., the mean being 35:5 cm., and on recapture they ranged from 33:4 to 
44°6 cm., with an average of 37-5cm. ‘The positions of recapture were ascertained 
for 48 of them; the distances travelled varied from 1:5 to 239-5 miles, the mean 
being 43-7 miles, and the average rate of travel per 10 days 1:9 miles. Of the 
4 immature males, the average period of freedom was 85 days, the average size on 
liberation 31°6 cm., and on recapture 31°3 cm.; they had migrated distances of 
from 26 to 138 miles, the mean being 84 miles, and the average rate of movement 
9°8 miles. 

Of the females, 49 were of adult size, and the positions of recapture of all except 
1 were ascertained. The sizes on liberation varied from 31-5 to 54:5 cm., the average 
being 40-1, and on recapture from 38°5 to 55:4 cm., with an average of 43°7 cm. ; 
they were at liberty for periods varying from 3 to 965 days, the mean being 344 
days, and the distances travelled ranged from 3 to 176 miles, the mean being 
56-1 miles, and the average rate of travel per 10 days 1:7 miles. Of the 28 females 
of immature size, the positions of recapture were ascertained for 26. They were 
free for from 3 to 383 days, the mean being 150 days; they moved from 2 to 191 
miles, the average distance being 443 miles,and the mean rate of migration per 10 days 
was 2°8 miles; on liberation, their sizes varied from 27:5 to 37 cm., averaging 
33°4 cm., and on recapture from 28 to 37-8 em., the mean being 35:1 em. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—Of the 202 fishes set free, 7 were recaptured in the same month, 
6 females and 1 male, and the position of recapture was determined in each case, 
except in that of one of the females. Four of the fishes, including the male, had 
migrated for a distance of 5 miles, 3 to the south-east, and 1 to the south-west ; 
the other 2 had moved north-east, 1 for a distance of 21 miles in 3 days, and the 
other for 62 miles, being taken, after 20 days, off the coast of Aberdeen. This 
fish measured only 34:3 cm. on recapture, and was “immature.” 

Seven were taken in January 1913, the next month after liberation, 5 males 
and 2 females. One, a male, was got 17 miles to the north-west, after 42 days ; 
another, a female, was found 3 miles to the south-east; and 4, 1 female and 
3 males, to the north-east, off the coast of Aberdeen, at distances ranging from 
42 to 73 miles ; the position of recapture of the remaining male was not ascertained. 

In February, 17 plaice were recaptured, 8 females, and 9 males, the 
position of capture being ascertained in all cases. One female moved 12 miles 
to the south-west, 5 migrated north-west distances of from 17 to 32 miles, 10 
moved to the north and east, distances ranging from 44 to 239 miles. Most of these 
were taken off the coast of Aberdeen; 3 were found in the Moray Firth, and 
1, a male which measured 35 to 35:2 cm., was taken off Cape Wrath, at a distance 
of 239-5 miles, on the 28th February, after 84 days, the rate of travel in this case 
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being 2°85 miles per day. The remaining fish, which measured 35:5 to 35:8 em., 
was caught 191 miles to the south-east by a Grimsby trawler, on 12th February, 
after 77 days; the position where it was recaptured was about 29 miles, K. + 8. of 
Spurn Point (53° 40’ N.; 0° 55’ K.); the condition of the reproductive organ was 
not ascertained. 

Thus during the first 3 months after liberation, viz. December 1912, January 
and February 1913, 31 fishes (23-5 per cent.) were recaptured, the positions 
of recapture of 29 being determined. Of these, 16 (55:2 per cent.) migrated 
to the north and east, for an average distance of 79 miles, the mean rate of 
movement being 17-3 miles per 10 days; 6 (20-7 per cent.) moved to the north- 
west, for a mean distance of 24 miles, the average rate of travel per 10 days being 
3:4 miles; 5 (17-2 per cent.) moved south and east for an average distance of 42 
miles, the mean rate of travel being 7°6 miles; and 2 (6-9 per cent.) went to the 
south-west; for an average distance of 8 miles, the mean rate of travel being 9-2 
miles per 10 days. 

It will be observed that, in this quarter, a large proportion of the fish went in 
a northerly direction, with considerable rapidity, the mean direction being N. 31° E. 

Second Quarter—In the next 3 months, 21 fishes (15-9 per cent.) were 
taken, the positions of 19 being ascertained. In March, 10 of the fishes were 
recaptured, 4 males and 6 females ; 1 moved directly west for 12 miles, and 1, 
a male, south-west for 15 miles; a third, a 1 female, went north and west, into the 
Firth of Forth, for a distance of 26 miles ; 6 moved north- east distances of from 
29 to 157 miles, 4 of them being caught in the Moray Firth, after intervals of from 
91 to 110 days, and the other 2 were got off the coast of Aberdeen. The position 
of recapture of one of the females was not ascertained. In April, 3 males and 3 
females were taken, the position of one of the males not being given. One, a male, 
had gone 32 miles north and west, into the Firth of Forth, and was caught near the 
place where it was originally captured. The other 4 fishes had gone north and 
east, for distances of from 44 to 139 miles, 2 being taken off the coast of Aberdeen, 
and 2 in the Moray Firth. ‘Two males and 3 females were recaptured in May; 1 of 
the females had moved 17 miles to the south-west ; the remaining 4 fishes had 
gone north-east, 3 being got off the coast of Aberdeen, at distances varying from 
55 to 83 miles, while the fourth was caught in the Moray Firth, at a distance of 
146 miles from the place of liberation. 

Of the 19 fishes, whose positions of capture were ascertained in this quarter, 
14 (73-7 per cent.) had migrated north-east, the mean direction being N. 27° E., and 
the average distance 95 miles. One fish moved directly west, and 2 (10-5 per cent. ) 
north and west, for an average distance of 29 miles; 2 went south- west, for an 
average distance of 16 miles. 

Third Quarter—In June, July, and August, 32 fish (24:2 per cent.) were re- 
oe of which the positions were ascertained in the cases of 31. In June, 
12 were recaptured, 2 males and 10 females. One female went directly west 
for 10 miles; 4 migrated to the north and west, for distances varying from 6} to 
26 miles ; 7 ‘migrated to the north and east, for distances varying from 19 to 112 
miles, most of them being taken off the coast of Aberdeen, and one in the Moray 
Firth. In July, 11 fishes were captured, 5 males and 6 females. Three, 2 males 
and a female, were taken to the south-west, at distances of from 5 to 18 miles. Five 
had moved to the north-west, for distances of 15, 16, and 19 miles ; 1 was found 3 
miles directly east ; and 2 to the north-east, both males, at distances of 8 and 25 
miles respectively. In August, 9 of the fishes were recaptured, 6 males and 3 females. 
Two of the males were taken at distances of 5 and 6 miles respectively to the south 
and west ; 1 male and 2 females had moved north and west, 2 for 13 and 1 for 15 
miles, and 3, 2 males and a female, had migrated to the north and east, for distances 
of from 23 to 67 miles ; the position of capture of 1 male was not ascertained. 

Altogether, in this quarter, 1 fish moved west and 1 east ; 12 (38-7 per cent.) 
migrated north and east for an average distance of 46 miles, at a mean rate of 2-2 
miles per 10 days; 12 (38:7 per cent.) had moved north and west, for an average 
distance of 15 miles, the mean rate being 7 mile per 10 days ; none was found to the 
south and east, but 5 (16-1 per cent.) were got to the south-west, the average distance 
being 9 miles, and the mean rate per 10 days, -4 mile. 

Fourth Quarter—In September, October, and November, 12 fishes (9-1 per 
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cent.) were recaptured, and the positions of all of them were determined. In 
September, 5 were taken, 3 males and 2 females. One male and 1 female were 
got to the south and west, at 5 and 6 miles distant respectively. One male had 
migrated 32 miles to the north and west, and a male and a female for distances of 
37 and 41 miles respectively to the north and east. In October, 4 fishes were 
recaptured 3 males and a female. One male was got 4 miles directly west, a female 
12 miles north and west, and 2 males at distances of 65 and 69 miles to the north-east. 
In November, 3 fishes were recaptured, 2 males and 1 female. One male had moved 
14 miles north and west, another male 73 miles north and east, and a female 52 
miles in the same direction, both of the latter being taken off the coast of Aberdeen. 

Altogether, in this quarter, 6 of the fishes (50 per cent.) had moved north and east, 
for an average distance of 56 miles, the mean rate being 1-7 miles per 10 days ; 3 (25 
per cent.) had gone to the north-west, for an average distance of 19 miles; and 2 
(16:7 per cent.) had migrated for a mean distance of 5 miles to the south and west. 

Thus, in the 12 months immediately following liberation, 96 plaice, or 72:7 
per cent. of the total number recaptured, were again taken, and the positions of 
recapture were ascertained for 91 of them. With regard to the direction, 48 
(52°7 per cent.) had moved north and east; 23 (25:3 per cent.), north and 
west ; 11 (12:1 per cent.) south and west; 5 (5:5 per cent.) south and east; 3 
(3°3 per cent.) directly west ; and 1 (1:1 per cent.) directly east. 

These particulars are shown in the following table :— 


Z P us 
cee ‘er Average Range. 
Gino Direction Be Cent Mean A YeraBe Rate per 
eer sea yas °8 | of | Direction. aN 10 Days 
£ © |Total. (miles). (miles). |Distance.| Rate. 
I. Dec. 1912. | N. and E. 16 55'2 | N. 31° EB. 79 17°3. | 21-239 | 55-70 
Jan. 1913. | N. and W. 6 20°7 | N. 62° W. 24 3-4 | 17-382 | 2°6-4:2 
Feb. 1913. |S. and E. 5 17:2 | S. 10° E. 42 76 3-191 ‘9-4-2 
S. and W. 2 6°9 | S. 61° W. 8 9:2 5-12 | 19-166 
29 22 3-239 | -9-70 
II. Mar. 1913. |N.and E. | 14 73°7 | N. 27° E. 95 8° 29-157 | 2°6-17 
April 1913. | N. and W. 2 10°5 | N. 85° W 29 2:3 | 26-32 | 2°2-2°4 
May 1913. |S. and E. Nil. 
S. and W. 2 10°5 | S. 63° W. 16 12 | 15-17 1-1-4 
W. 1 53 W. 12 Ie fe 36 
19 14°4 fe 15-157 1-17 
Ill. June 1913. | N. and E. tS 38°7 | N. 33° E. 46 2°2 8-112 | °3-5°5 
July 1913. |N.and W.| 12 38°7 | N. 49° W. 15 7 6-26 3-1°3 
Aug. 1913. |S.and E. | Nil. 
S. and W. 5 16:1 | S. 62° W. 9 4 5-18 | -2—8 
W. 1 3:2 W. 10 5 = bs 
E. 1 3:2 E 3 il 
31 23°5 5-112 | ‘2-5°5 
IV. Sept. 1913. | N. and E. 6 50 N. 42° E. 56 17 | 37-73] 13-21 
Oct. 1913. N. and W. 3 25 N. 50° W. 19 ike 12-32 4-1:2 
Nov. 1913. |S. and E. | Nil. 
8. and W. 2 16°7 | S. 51° W. 5 2 5-6 2 
We 1 8:3 W. 4 | 50 . 
12 9-1 5-73 *2-2°1 


SUMMARY. N. and E. 48 52:7 
N. and W.| 23 25°3 


S. and E. 5 ayy 
S. and W. ll 12°1 
E. 1 Te 
W. 3 3393} 
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Of the remaining 35 fish of the experiment, about which particulars are 
known, 5, all females, were taken in December 1913, 1 of them 10 miles directly east, 
and 2 to the south-west, 1 at a distance of 2 miles, and the other in the Firth of 
Forth, at a distance of 43 miles. The remaining 2 fish migrated north and east 
for distances of 67 and 68 miles respectively. 

Twenty-six were got in 1914. Of 5 taken in January, 2 males and 3 females, 
1 male was recaptured 16 miles to the north-west ; the remaining male and 3 females 
were all taken off Banff, in the Moray Firth, at distances of 113 and 114 miles ; they 
were “nearly ripe.” Four, 1 male and 3 females, were recaptured in February. 
The male and 2 of the females were taken north and east, the male at 16 miles 
distant, and the females in the Moray Firth, at distances of 113 and 152 miles re- 
spectively. The remaining female had migrated in a south-easterly direction for a 
distance of 186 miles from the place of liberation, being found at Lat. 55° 14’ N.; 
3° 4’ E., which is a point about 158 miles east by south of N. Shields. These fish 
were “spawning” or nearly ripe.” In March, 1 male and 4 females were recaptured, 
1 female 3 miles to the south and west, another, also a female, 97 miles to the south- 
east, and the remaining fish to the north-east ; 1 along the coast of Aberdeen, 36 
miles distant, and 2, a male and a female, in the Moray Firth, at distances of 139 
and 145 miles. In April, 3 fish were taken, one male and 2 females ; the male was 
caught 13 miles from the place of liberation, after 481 days, and was “ripe ” ; one 
of the females was got 15 miles to the north and west, and the other off the coast of 
Aberdeen, 644 miles to the north-east. Two females, taken in May, had moved to 
the north-east ; one measuring 32-38-7 cm. was found only 7 miles distant, and the 
other, got off the Pentland Skerries, 152 miles distant, was “spent.” One fish, a 
female, was caught in June, 10 miles to the east. Two were taken in July, a male 
and a female, both to the north-east, one at a distance of 35 miles and the other at 
29 miles. One male was caught in August 11 miles to the north-west, and another 
in September, 71 miles to the north-east. One was taken in October 49 miles to 
the north-east, and a female in December 7 miles to the south-east. 

Of the 4 caught in 1915, all were females, and the positions of recapture of 
3 were ascertained. One was taken in January 15 miles to the north-west, 
after 785 days. One was got in April, 29 miles to the north-west, within the Firth 
of Forth, near the original place of capture. The third fish was found in July. 
after 965 days, off the coast of Aberdeen, 31 miles to the north-east of the station. 


|TABIE 


132 


A summary of the mean distance and direction in each quadrant is shown in the 


following table.— 
ee ROT CL 
Aggregate Average 
Quadrant. Sex. No. of | Distance Distance Mean 
Fish. (miles), (miles). Direction. 
N. and E. Adult Males. 28 1528°5 54°6 N. 30° E. 
Immature Males. 3 212 71 N. 29° E. 
Adult Females. 30 1748°5 o8i4 fl INa332mae 
Immature Females. 10 680 68 N. 29° E. 
71 4169 58°7 N. 31° E. 
Reet eee 12 24011) | eallitog N. 59° W. 
Immature Males. 1 26 26 N. 58° W. 
Adult Females. 6 110°5 18°4 N. 59° W. 
Immature Females. 9 150 17 N. 54° W. 
28 526°5 18°8 N. 57° W. 
Ogitand > Psl dare wialon: 1 5 5 S. 3°. 
Adult Females. 3 276 92 Sere Ly 
Immature Females, 3 201 67 S72 4B, 
1 482 69 Sadie Bi 
ena. aii Mates Galh eo 10 S. 62° W, 
Adult Females. 6 74:5 12°4 S. 61° W. 
Immature Females. 2 19 9°5 8. 53° W. 
14 153°5 ll S. 61° W. 
Bey, Adult Males, 1 lar fe ese Ww. 
Immature Females. 2 22 ll W. 
3 26 9 Ww. 
E. Adult Females. A eta ae 17 E. 
SUMMARY 
N. and E 71 4169 58°7 IN GIO 7D, 
N. and W 28 526°5 18'8 N. 57° W. 
S. and E 7 482 69 Saljoebe 
S. and W 14. 153°5 11 S. 61° W. 
W. 3 26 9 W. 
E. 3 23 77 E. 
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Distances travelled.—Twenty-two of the fishes (17-5 per cent.) were taken 
at distances not exceeding 10 miles from the place of liberation. Seven were 


males (or 13:5 per cent. of the total number 
moved from 13 to 8 miles, the mean being 4:9 
2 north and east, 1 south and east, and 1 directly west 
20°3 per cent. of the total number of females recaptured), 
distances of from 2 to 10 miles, the mean being 5:9 miles 


miles ; 


of males recaptured), and they had 
3 had gone south and west, 


Fifteen were females (or 
and they had migrated 
; 5 were found to the 


south and west, 3 to the south and east, 3 directly east, 2 north and west, 1 north 


and east, and 1 directly west. 


10 to 20 miles.—Twenty-five of the fishes 


between 10 and 20 miles. 
19 miles, the average being 15 miles ; 


(19°8 per cent.) migrated distances 
Twelve males (23-1 per cent.) were taken between 11 and 
3 were recaptured to the south and west, 
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8 to the north and west, and 1 to the north and east. Thirteen were females (17-6 
per cent.), which had travelled also an average distance of 15 miles; 2 were taken 
to the south and west, 9 to the north and west, 1 directly west, and I north and 
east. 

Thus, at distances not exceeding 20 miles, 47 plaice were recaptured, or 37°3 
per cent. of the whole, namely, 19 males and 28 females. 

20 to 50 miles.—Thirty-four of the fish (27 per cent.) were got between 20 and 50 
miles from the station. Of these, 16 (30-8 per cent.) were males, which had migrated 
for an average distance of 36°3 miles; 5 were taken to the north-west, 3 of them 

within the Firth of Forth, and 11 to the north and east. Eighteen were females 
(24-3 per cent.), and they had moved an average distance of 35:7 miles; 1 was 
found to the south-west, 4 to the north-west—these 5 fish were taken in the Firth 
of Forth. The remaining 13 had moved to the north-east, and were recaptured 
chiefly off the Aberdeenshire coast. 

50 to 100 miles.—T wenty-one of the recaptured plaice (16-7 per cent.) had moved 
distances of from 52 to 97 miles. Hight (15-4 per cent.) were males, the average 
journey being 64 miles, all to the north-east, the fish bemg mainly taken off the 
coast of Aberdeen. Thirteen (17°6 per cent.) were females, the mean distance 
travelled in this case being 69 miles. One was got 97 miles to the south and east, 
and all the others to the north-east, off the coast of Aberdeen. 

Over 100 miles.—No fewer than 24 fish (19 per cent.) went distances of over 100 
miles, viz. from 112 to 2393 miles. Nine of these (17°3 per cent.) were males, 
which had moved an average distance of 152 miles. Hight of these were recap- 
tured in the Moray Firth, and one off Cape Wrath. Fifteen (20-3 per cent.) were 
females, which had migrated a mean distance of 135 miles, 2 to the south and 
east, for 176 and 191 miles respectively, all the others to the north-east, 12 being 
recaptured in the Moray Firth, and 1 near the Pentland Firth. 


MATURITY. 


Males.—The condition of the reproductive organs was ascertained in 42 of the 
51 adult males taken. 

Four were “spawning”; 1, measuring 36°5-35°9 cm., caught on 8th March 
1913, 157 miles northwards, in the Moray Firth ; a second, measuring 35°5-35:5 
em., on 13th February 1913, 54 miles to the north-east, off the coast of Aberdeen ; 
the third, of 36-38°7 cm., on 25th February 1914, after 446 days, 16 miles north and 
east ; and the fourth, measuring 43-43°3 cm., on the 18th February 1913, 49 miles 
to the north and east. 

Four were “ripe,” 1, of 35°5-35:5 cm., captured on 11th February 1913, 28 miles 
north and west, off St. Andrews Bay, and 3 to the north-east, at distances of from 
1} to 44 miles, in April 1913, April 1914, and August 1913. One of these, a large 
fish, measuring 42°5-44-6 cm., was recaptured only a mile and a half from the 

Bitation, after 481 days. 
_ Seven were “nearly ripe”; 3 of these were taken to the north-east, at dis- 
tances of 46, 65, and 114 miles, the last-named being got in the Moray Firth in 
January 1914; 3 were taken to the north-west, all near the Bell Rock, at 17, 6, and 
16 miles ; the remaining fish was recaptured 5 miles to the south-east in December 
1912. 
Two were described as “ spent,” 1, of 38-37-8 cm., caught in March 1913, after- 
9 days, 150 miles to the northwards, in the Moray Firth ; the other, of 38°5-39-9 
em., in May 1913, off the coast of Aberdeen, at a distance of 69 miles. 
Two, both caught in October, were described as “ half-ripe”’; 1 had moved 4 
miles directly west, and the other 49 miles to the north and east, after 670 days. 
The remainder of the fish were “‘ immature”; 5 were taken in July, 5 in August, 
4 in September, 3 in January, | each in March, * April, May, and October, and 2 in 
June. Hight were found to the north and east, at distances of from 25 to 71 miles, 
after intervals of from 45 to 637 days. Two of these were taken within the limits 
of the spawning season, 1, of 39-38:9 cm., on 20th January 1913, off Aberdeen, 42 
miles distant ; the other, measuring 35°5-35°8 cm., on 12th May 1913, also off 
Aberdeen, at a distance of 55 miles. Eight were recaptured to the north and west, 
at distances of from 11 to 32 miles; 1, measuring 33°5-36°6 cm., caught in August 


134 


1914, after 622 days, had moved only 11 miles. Of these fish, 2 were caught within 
the limits of the spawning season, 1, measuring 33-5-33°8 em., in January 1913, 
after 42 days, at a distance of 17 miles, and the other, measuring 33-34-7 cm., in 
April 1913, after 143 days, within the Firth of Forth, 32 miles distant. Six of the 
immature males were taken to the south and west, at distances of from 5 to 18 
miles. One, of 33-33-4 cm., was caught in March 1913, at a distance of 15 miles. 

Females.—Forty-nine of the recaptured fish were adult females, and the condition 
of the ovaries was ascertained in 44 cases. Of these, 6 were “spawning” ; 2 were 
captured in January 1914, after 411 days, both im the Moray Firth, near Banff ; 
they measured respectively 42°5-46-7 cm. and 51-5-55-2 cm., the distances travelled 
being 113 and 114 miles; 2 were taken in February 1913, after 72 and 75 days. at 
distances of 50 and 44 miles to the north and east, off the coast of Aberdeen ; 
they measured respectively 46-462 cm. and 40-40 cm.; 1, of 35-5-46 cm., was got 
in December 1914, after 747 days, only 7 miles distant to the south and east ; 
another, of 41:5-45-2 cm., was taken in March 1914, after 461 days, only 3$ miles 
distant to the south and west. 

Four were “ripe.” Of 2, taken in March 1914, 1 was captured 36 miles to the 
north and east, after 457 days; it measured 54:5-55:4 cm.; the other was found 
97 miles south and east, after 475 days; it measured 42-45 cm.; a third fish, 
measuring 39-45 cm., was taken in February 1914, after 424 days, 186 miles to the 
south and east ; the fourth was caught in April 1914, after 488 days, 643 miles to 
the north and east, off the coast of Aberdeen; it measured 36°5-42 cm. It is 
interesting to note that 2 of these “ripe” females were recaptured at such con- 
siderable distances to the south and east. 

Seven of the adult females were “spent.” One was taken in June 1914, after 
557 days, only 10 miles directly east ; it measured 315-44 cm. ; another, caught in 
April 1915, after 846 days, was found in the Firth of Forth, near where it was 
originally captured, at a distance of 29 miles; it measured 45-51:4 cm.; the re- 
maining 5 fish were caught to the north-east ; 1, taken in April 1913, after 133 days, 
was got off Rattray Head, 139 miles distant ; 1t measured 45-45°5 cm., was taken 
in June 1913, after 198 days, 19 miles to the north-east ; 1, measuring 41-45-6 
cm., was found in July 1914, after 579 days, also in the Firth of Forth, near the 
place where it was originally captured; 1, measuring 35:5-42°9 em., was caught in 
May 1914, after 531 days, off the Pentland Skerries, 152 miles to the north and 
east ; the last fish, measuring 41-5-50°8 cm., was taken in July 1915, after 965 
days, off the coast of Aberdeen, at a distance of 31 miles to the north and east. 

Five were “nearly ripe.” One, of 35-39:2 cm., was taken in December 1913, 
after 360 days, 67 miles to the north-east, off the coast of Aberdeen; another, 
measuring 41°5-44-6 cm., was caught in February 1914, after 437 days, in the Moray 
Firth, 113 miles distant; 1, of 44:5-44°3 cm., was recaptured in January 1913, 
after 32 days, 3 miles to the south-east ; the fourth, of 43-43-1 cm., was caught 
in February 1913, after 62 days, 12 miles to the south and west ; and the fifth, 
measuring 42°5-46-7 cm., was taken in January 1915, after 785 days, only 15 miles 
to the north and west. 

Five of the females were ‘advanced in maturity, three-quarters,” or “ fully 
half-ripe.” One, of 44-47-9 cm., was caught in July 1913, after 236 days, 3 miles 
directly east ; another, 50-5-51-4 cm., was recaptured in December 1913, after 361 
days, 43 miles south and west, in the Firth of Forth ; 3 remaining fish were caught 
to the north and east; 1, measuring 40-43 cm., in January 1914, after 411 days, 
off Whitehills, in the Moray Firth, 114 miles distant ; another, 36°5-40 cm., was 
taken in September 1913, after 272 days, 41 miles distant ; and the remaining 
fish, 38-44°3 cm., was recovered in November 1913, after 341 days, off the coast of 
Aberdeen, 52 mules distant. 

Seventeen of the adult females were ‘immature.’ Those caught in the months 
from December to May were as follows :—One, of 40°5-39-7 cm., was got after 3 
days, 5 miles to the south-west ; another, 45-5-45-4 cm., was taken in February 
1913, after 78 days, off Buchanness, 68 miles to the north and east; a third, of 
39°5-40°3 cm., was taken in April 1913, after 129 days, 114 miles to the north and 
east, in the Moray Firth; the fourth, measuring 38-5-39-3 cm., was taken in March 
1913, after 110 days, 29 miles to the north and east; the fifth, 39°5-40 cm., was 
taken in February 1913, 23 miles north and west, in the Firth of Forth, near the 
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place where it was originally captured ; the sixth, 40°5-41-4 cm., was taken in 
April 1913, after 119 days, off the coast of Aberdeen, 49 miles to the north and east : 
the seventh, measuring 32-41°5 cm., was caught in March 1915, after-816 days, 
but the place of recapture in this case was not ascertained ; the eighth fish, measur- 
ing 32°5-40°5 cm., was taken in April 1914 after 502 days, only 15 miles distant, 
north and west; the ninth fish, 32-38-7 cm., was got in May 1914, after 534 days, 
7 miles to the north and east; a tenth fish, measuring 33-39°3 cm., was taken in 
December 1913, after 376 days, 10 miles directly east. 


EXPERIMENT X. 
26th March 1913. 


In this experiment, 100 fishes were marked and liberated, of which 35 were 
males, 64 females, and 1 whose sex was not ascertained. The sizes of the males 
ranged from 32 to 41-5 cm., and of the females from 32 to 42-5. cm. The numbers 
liberated and recaptured are shown in the adjoining table, arranged in groups of 
5 cm. :— 


cm. cm. cm. 
31-35°5 36-40°5 41-45°5 Total. 
eeotab:,...)). : 27 32 5 64 
F. Recap. . : 4 22 16 2 40 
M. Lib. : ‘ : 26 8 1 35 
M. Recap. . : ‘ 18 5 1 24 
2 Lib. : ; 4 — — 1 1 


?Recap. . ; : = — — — 


The fish were caught at the usual place, namely, Station VI., Firth of Forth 
(off St. Monans), and were liberated, after five hours’ retention in the tanks on 
board. 

The number recaptured was 64, or 64 per cent., namely, 24 males, or 68°6 per 
cent., and 40 females, or 62:5 per cent. 

Of the 24 males, 22 were of adult size on recapture,and 2immature. The adults 
were at liberty for periods varying from 14 to 912 days, the average being 296 days ; 
their sizes on liberation varied from 32 to 41-5 cm., the average being 34-9 cm., 
and on recapture from 33:4 to 43-6 cm., with an average of 38°3 cm. ; they had 
migrated distances of from 2 to 215 miles, the mean being 60°6 miles, and the 
mean rate of movement 2 miles per 10 days. The 2 immature males were taken 
at distances of 15 and 25 miles, after 14 and 12 days respectively. 

Of the 40 females, 28 were of adult size on recapture ; they measured from 32 
to 41:5 cm. on liberation, the average size being 36:7 cm., and on recapture from 
38 to 48:6 cm., the mean being 42°8 cm. ; they were free for periods from 77 to 
911 days, the average being 359 days; they had migrated distances of from 6 to 
112 miles, the mean being 32°5 miles, and the mean rate of travel -9 mile in 10 days. 
The 12 immature females had been at liberty for periods ranging from 9 to 203 days, 
the average being 90 days; the average size on liberation was 33°9 cm., and on 
recapture 35°9 cm. ; they had migrated distances of from 5 to 444 miles, the mean 
distance being 15-25 miles, and the mean rate of travel, per 10 days, 1:7 miles. 


THE ExTentT AND DireEcTION oF MIGRATION. 


First Quarter.—In the month after liberation, April 1913, 5 of the fish, 3 males 
and 2 females, were recaptured, all immature. The 2 females had moved directly 
west for distances of 12 miles, and were caught 9 days after liberation. The 3 
males were recaptured after 12 and 14 days, at distances of from 15 to 293 miles 
to the north and west, 1, measuring 34 cm., being taken in the Firth of Forth, 
near Station VI. 

In May, only 2 fishes were recaptured, both females; 1 was taken 11 miles to 
the north-east, and the other 12 miles directly west ; both were under adult size. 

Six were recaptured in June, 3 males and 3 females. One male had moved 
_ directly west for 43 miles, 1 to the south-west for 2 miles, and the third north-east 
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for a distance of 8 miles; the last-mentioned fish was 41-5 cm. long on liberation. 
One of the females was got 16 miles to the north and west, east of St. Andrews 
Bay ; the second was taken 20 miles to the north-east ; and the third 443 miles 
to the north and east, off the coast of Aberdeen. 

Thus, in the first 3 months after liberation, 15 fish, or 20-3 per cent. of the 
total recaptured, were taken ; 4 (30-8 per cent.) had moved to the north and east, 
to the north and west, and directly west for distances respectively of 21, 21, and 
10 miles, at average rates per 10 days of 2:9, 13°6,and 7-4 miles. The remaining 
fish had moved 2 miles to the south and west. 

Second Quarter.—In July, 2 males and 3 females were recaptured ; 1 of the males 
had moved for 10 miles directly east, and the other for 5 miles to the south and west. 
- Two of the females had also moved south and west, 1 for a distance of 5 miles, and 
the other for 8 miles; the remaining female was caught 19 miles to the north-west, 
after 106 days. In August, 9 fish were recaptured, 3 males and 6 females, but the 
position of recapture of one of the females was not ascertamed. The 3 males 
had migrated to the north-east, and were taken at distances of 25, 27, and 52 miles, 
off the coasts of Forfarshire and Aberdeenshire. A female had also moved in the 
same direction, for a distance of 7 miles, while 2 females had moved 6 and 8 miles 
respectively to the south-west ; another female had migrated 10 miles directly 
east, and the last 24 miles to the south-east, to the east of St. Abb’s Head. In 
September, 3 females were recaptured, one 4 miles directly west, after 173 days, 
one 6 miles to the south-west, after 165 days, and one 21 miles to the north and 
west, alter 184 days. Thus, in the second quarter after liberation, 17 fishes, or 


26-6 per cent., were recaptured, the position of recapture being known for all but — 


1. Five (31:2 per cent.) went to the south and west for an average distance of 
6 miles, the mean rate of travel being °5 mile in 10 days; 4 (25 per cent.) had 
moved an average distance of 28 miles to the north and east, the mean rate per 
10 days being 1:8 miles ; 3 (18°8 per cent.) had gone an average distance of 16 miles 
to the north and west, at a mean rate of ‘8 mile per 10 days; 2 had gone directly 
east, each for 10 miles, and 1 directly west for 4 miles, while the remaining fish 
was found 24 miles to the south and east. 

Third Quarter—In October, 1 female was recaptured, 134 miles to the north- 
west, after 203 days. A female was also taken in November, 12 miles to the 
north-west, alter 226 days, while in December, 2 males and 2 females were got ; 
1 of the males was found 14 miles north and west, after 273 days, and the other 
73 miles to the north-east, off the coast of Aberdeen, after 270 days ; 1 of the females 
had also migrated to the north and east, for a distance of 58 miles, while the remaining 
female was captured 9 miles to the south and east, after 251 days. 

Six fish, or 9°4 per cent., therefore, were taken in these 3 months. Three of 
them (50 per cent.) went an average distance of 13 miles to the north and west 
the mean rate of movement being °6 mile per 10 days; 2 (33°3 per cent.) went 
a mean distance of 65 miles to the north and east, the rate of travel being 2°4 miles 
per 10 days; the remaining fish was taken 9 miles to the south-east, the mean rate 
being °3 mile. 

Fourth Quarter—In January 1914, a male was taken in the Moray Firth, off 
Banff, at 113 miles distant, the mean rate of travel being 3-6 miles per 10 days. 
Two males and 2 females were taken in February; 1 of the males was found on 
the north coast of Scotland, near Whiten Head, at a distance of 215 miles, after 
324 days, the mean rate of travel being 6:6 miles per 10 days; it was “ripe.” 
The other male, which also was “ ripe,” was taken in the Moray Firth, at a distance 
of 148 miles, after 330 days, the average rate of movement being 4°5 miles. The 
females had not moved far; 1 was got 11 miles to the north-west, after 330 days, 
and the other 17 miles to the south-east, also after 330 days ; these fish had moved 
at a mean iate of respectively -3 and -5 mile. In March, 2 males and 2 females 
were recaptured ; 1 of the males was taken in the Moray Firth, off Clythness, 140 
intles distant, after 343 days; the other was caught 21 miles off Hartlepool, 102 
miles in the opposite direction, after 102 days; the mean rate of travel in these 
two cases was respectively 4:1 and 2°9 miles per 10 days. One of the females was 
taken, after 343 days, 284 miles to the north-west, in the Firth of Forth, near the 
place of original capture ; the other was caught north-east of Kinnaird Head. 
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Thus, in the fourth quarter, 9 fishes, or 14:1 per cent., were recaptured; 5 
(55-5 per cent.) were taken to the north and east, at an average distance of 144 
miles, the mean rate of travel per 10 days being 4:3 miles; 2 each were got north 
and west and south and east, the average distance being 20 and 59 miles respectively, 
and the mean rate of travel ‘5 and 1:7 miles. 

In the 12 months following liberation, therefore, 45 fish, or 70-3 per cent., 
were recaptured, particulars being ascertained for 44 of them, or 68-7 per cent. 
Fifteen (34:1 per cent.) were found to the north and east ; 12 (27:3 per cent.) to 
the north and west ; 6 (13°6 per cent.) to the south and west ; 5 (11:4 per cent.) 
to the west ; 4 (9°1 per cent.) to the south and east ; and 2 directly east. 


Ss 
oes ier . Average Range. 
Directi P= | Cent.| Mean aby ®8e |Rate per 
Quarter. irection. | % 3 bE) tPhrockion. eeeee 10 Days 
iS © |Total. (mites): (miles). |Distance.| Rate. 
1. April 1913. | N. and E. 4 30°8 | N. 23° E. 21 2°9 8-44'5} -9-5:2 
May 1913. | N. and W. + 30°8 | N. 69° W. 21 13°6 15-29°5} 1:9-21°1 
June 1913. |S. and E. | Nil. 
S. and W. 1 TO6IS: 3° W 2 ‘26 x ae 
W. a 30°8 W 10 74 45-12] ‘5-13°3 
13 20°3 8-44°5| -9-21°] 
Il. July 1913. | N. and E. + 25 N. 22° E. 28 18 7-52 4-3.5 
Aug. 1913. | N. and W. 3 18°8 | N. 59° W. 16 8 8-21 ‘1-1°8 
Sept. 1913. |S. and E. 1 6-2 |S. 30° E. 24 15 aa 
S. and W. 5 31:2 | S. 50° W. 6 5 5-8 4-7 
E. 2 12°5 E. 10 ‘8 10-10 q—9 
W. 1 6-2 W. 4 2 Sc 
16 25" ee aie a3 5-52 1-3°5 
III. Oct. 1913. | N. and E. 2 33°3 | N. 33° E. 65 2°4 58-73 2°1-2°7 
Nov. 1913. | N. and W. 3 50° | N. 39° W. 13 6 12-14 5-7 
Dec. 1913. |S. and E. 1 16°6 | S. 52° E. 9 3 56 
S. and W. | Nil. 
6 9-4 Se 52 AC 12-73 5-2-7 
IV. Jan. 1914. | N. and E. 5 55°5 | N. 23° E. 144 4°3 |106—215 | 2°9-6°6 
Feb. 1914. | N. and W. 2 22°2 | N. 79° W. 20 5 11-28°5] 3-8 
Mar. 1914. |S. and E. 2 22:2 | S. 45° E. 59 er 17-102 5-2-9 
S. and W. | Nil 


a 14-1 5c 56 50 11-215 "3-6°6 


SUMMARY. N. and E. 15 34:1 


S. and E. 4 9-1 
Sand Wall 604 136 
E. oy ection 

W. apa ios nie! 

44 | 68-7 


Of the remaining 19 fish, 15 were recaptured in 1914. One male and 2 females 
were taken in April, at distances of from 64 to 106 miles to the north and east. One 
of the females was “spent,” and the other “immature,” while the male was 
“vipe.” Three females were caught in May, 1, 8 miles to the south-east, after 
421 days, “spent”; 2 were got to the north-east, 1 at a distance of 10 and 
the other at 18 miles, the latter being ““immature.” One male and 3 females were 
recaptured in June, all to the north and east, at distances of from 20} to 73 miles. 
One of the females is described as “spent,” the others as “immature.” Two 
females were taken in July, but particulars of the place of capture of one were not 
ascertained ; the other was taken after 488 days, off St. Abb’s Head, the con- 
dition of the ovaries not being recorded. A male was got in August, 15 miles to 
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the north and west, and 2 males in October, one 2 miles to the south-west, after 
574 days, and the other in the Moray Firth, 139 miles away, after 562 days. 

Four fish were recaptured in 1915. Two females, taken in May, had_ both 
migrated to the north and east ; one was caught, 112 miles distant, m the Moray 
Firth, after 768 days; both of these fish are described as “ spent.” In September, 
a male and a female were recovered, both to the north and east, off the coast of 
Aberdeen, the male at a distance of 48, and the female at a distance of 28 miles, 
after periods, the male of 912 days, and the female of 911 days. 

A summary of the mean distance and direction in each quadrant is shown in 
the following table :— 


Aggregate | Average 


Quadrant. Sex. No. of | Distance Distance Mean 
Fish. (miles). (miles). Direction. 
N.andE. | Adult Males, 13 790 61 N.24°R. 
Adult Females. 14 652°5 46°6 N. 34° E 
Immature Females. 2 55°5 Ted N. 32° E 
29 1498 51°7 N. 29° E 
Mand W, | Adult Males, ~ 3 |...6e5 | To | | iNvesenawemn 
Immature Males. 2 40 20 N. 63° W 
Adult Females. 5 80°5 161 N. 69° W 
Immature Females. 3 48°5 162 N. 46° W 
13 DOT 17°5 N. 61° W. 
Bland, || Adult Males, Wt mame. | 
Adult Females. 4 67 17 S. 62° B. 
Immature Females. 1 24 24 S. 30° E 
6 193 32 S. 48° E 
S. and W. Adult Males. eee | haear nent aes $19°W. 
Adult Females. 1 6 6 S. 50° W. 
Immature Females. 3 19 6 S. 49° W 
1 34 5 S. 37° W 
Ww. Adult Males ae [oN ge | a 
Adult Females. 1 4 4 W. 
Immature Females. 3 36 12 W. 
5 44°5 8:9 W 
E. Adult Males. aero wee a 
Adult Females. 1 10 10 E 
2, 20 10 E 
SUMMARY. 
N. and E. 29 1498 51°7 N. 29° E. 
N. and W. 13 227°5 17°5 N. 61° W. 
S. and E. 6 193 32 S. 48° E. 
S. and W. 7 34 5 Sioa 
W. 5 44°5 8:9 W. 
EK 2 20 10 E 
62 : 


Distances travelled.—Seventeen fish, or 28 per cent. of the total number re- 
captured, were taken at distances not exceeding 10 miles, viz. 6 males (25 per 
cent.), which had migrated an average distance of 5:2 miles, and 11 females 
(29-7 per cent.), which had moved an average distance of 7-4 miles. Three of the 
males were taken to the south and west, at distances of 2 and 5 miles; one was 
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recaptured 8 miles to the north and east, one 10 miles directly east, and one 44 
miles directly west. Of the females, 4 had moved distances of from 5 to 8 miles 
to the south and west, 2 for 8 and 9 miles respectively south and east, 2 north and 
east, 1 for 7 and the other for 10 miles, 1 for a distance of 8 miles north and 
west, one 10 miles directly east, and the last 4 miles directly west. 

10 to 20 miles.—Fifteen of the fish, or 24:2 per cent. of the total, had 
migrated distances between 10 and 20 miles. Three (12-5 per cent.) were males, 
which had moved north and west for an average distance of 14:6 miles, and 12 (31-6 
per cent.) were females, which had migrated an average distance of 14:5 miles ; 5 
were found to the north and west, at distances of from 11 to 19 miles; 3 were 
recaptured at 12 miles distant directly west ; 1 was taken 17 miles to the south 
and east ; and 3 to the north and east, at distances of from 11 to 20 miles. 

Thus, within 20 miles of the station, 32 plaice were recaptured, or 51:6 per 
cent. of the whole, viz. 23 females and 9 males. 

20 to 50 miles.—Twelve of the recaptured plaice, or 19-3 per cent., had moved 
distances of between 20 and 50 miles. Five were males (20:8 per cent.), the 
average distance migrated being 30-9 miles; 2 were found to the north and west, 
1 of them within the Firth of Forth; the remaining 3 had gone distances of from 
25 to 48 miles to the north and east. Eight (21 per cent.) were females, which had 
travelled an average distance of 29-7 miles; 4 went distances of from 201 to 
443 miles north and east ; 2 for 21 and 283 miles north and west, and 2 for 
24 and 33 miles to the south and east. 

50 to 100 miles.—Hight of the fish, or 12-9 per cent., had migrated distances of 
between 50 and 100 miles, all to the north and east. Three (12°5 per cent.) were 
males, which had migrated an average distance of 60 miles, and five (13-1 per cent.) 
were females, and the average distance travelled in their case was 63-6 miles. 

Over 100 males.—Nine of the fishes, or 14°5 per cent. of the total number re- 
captured, were taken at distances over 100 miles. Seven of these (29-2 per cent.) 
‘were males, which had travelled an average distance of 138 miles, 6 of them to 
the north and east for distances varying from 106 to 215 miles, and 1 to the 
south and east, for a journey of 102 miles. Two (5:3 per cent.) were females, which 
had migrated an average distance of 109 miles, to the Moray Firth. 


MATURITY. 


Males.—Of the 22 adult males, which were recaptured, the condition of the 
testes was ascertained in 19 cases. Four were “ripe,” and all had migrated to 
the north and east, 3 being caught in the Moray Firth and 1| on the North coast 
of Scotland. One, measuring 36-38°3 cm., was taken in January 1914, after 309 
days, off Banff, at a distance of 113 miles. A second, of 37-5-41:6 cm., was cap- 
tured in February 1914, after 324 days, off Whiten Head, at a distance of 215 
miles. The third fish, of 33:-5-38:°3 cm., was also taken in February 1914, after 
330 days, in the Moray Firth, at a distance of 148 miles. And, the fourth “ripe ” 
male, measuring 32:5-34'8 cm., was taken in April 1914, after 386 days, 106 miles 
distant, off Kinnaird Head. The mean rate of movement in these cases was 
respectively 3-6, 6:6, 4:5, and 2°7 miles per 10 days. 

Two of the males were “nearly ripe.” One, of 35:°5-43°6 cm., was taken in 
October 1914, after 562 days, in the Moray Firth, at a distance of 139 miles. The 
other, of 32°5-42:1 cm., was recaptured in September 1915, after 912 days, 48 
miles to the north and east, off Aberdeen. The rate of migration in these cases 
was respectively 2°47 and ‘5 miles per 10 days. 

Thirteen of the males were “immature.” One was caught in April, 4 in June, 
2 in July, 4 in August, 1 in October, and 1 in December. The fish recaptured in 
April measured 34-33°5 cm,. and was found in the Firth of Forth, at a distance 
of 29-5 miles, after 14 days. The fish taken in December measured 34-37 cm., 
and was got at a distance of 14 miles to the north and west, after 273 days. Two 
of the “‘immature ” males had migrated for some distance to the north and east, 
1, of 37-5-38°8 cm., being taken in August 1913, after 147 days, 52 miles distant ; 
and the other, measuring 35-43:2 cm., in June 1914, after 434 days, 55 miles 
distant, both off the coast of Aberdeen. 

Of the 28 adult females recaptured, the condition of the ovaries was ascertained 
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in 24 cases. One, of 38:5-42°8 cm., was “nearly ripe,’ and was captured in 
September 1913, after 173 days, 4 miles to the west. 

Six are described as ‘“‘ spent.” One, of 39°5-46-2 em., was caught in May 1914, 
after 421 days, 8 miles to the south and east. All the others were taken to the 
north-east. One of these, 34-41:7 cm., was caught in April 1914, after 377 days, 
off the coast of Aberdeen, at a distance of 64 miles. Another, of 33-42 cm., was got 
in May 1914, after 406 days, 10 miles distant. A third, of 32-39°8 cm., was re- 
covered in June 1914, after 452 days, off the coast of Aberdeen, at a distance of 
73 miles. The fourth fish was taken in May 1915, after 767 days, also off the 
coast of Aberdeen, at a distance of 55 miles; it measured 33-42°5 cm. The last 
fish measured 40:5-48:2 cm., and was also caught in May 1915, after 768 days, in 
the Moray Firth, at a distance of 112 miles. 

One fish, of 35-47:2 cm., caught in September 1915, after 911 days, 28 miles to 
the north and east, was “ half ripe.” 

The remaining plaice were “immature.” One was got in February, 2 in 
March, 1 in April, 1 m May, 2 in June, 1 in July, 3 in August, 2 in September, 1 in 
November, and 2 in December. Particulars in regard to those taken between 
December and May are as follows :—Of the 2 caught in December 1913, 1 had 
moved 9 miles to the south and east, after 251 days, and the other, 58 miles to the 
north and east, after 271 days. The fish caught in February, measuring 38°5- 
42-6 em., was found, after 330 days, 11 miles to the north and west. Of the 2 taken 
in March, 1, measuring 38-42:1 cm., was found 283 miles north-west, after 343 days, 
in the Firth of Forth; the other, measuring 37-44:8 cm., was recaptured, after 
358 days, off Rattray Head, 106 miles to the north and east. The fish, captured 
in April, measuring 40:5-48°6 cm., had moved 68 miles to the north and east, alter 
377 days. The plaice, recovered in May 1914, after 422 days, measured 33:5-40°6 
cem., and was found 18 miles to the north and east. 


EXPERIMENTS AT 40 Mines East or THE ISLE or May. 


Four experiments were made at this place, approximately Lat. 56° 23’ N.; Long. 
1° 23’ W., where the depth is about 29 fathoms. The particulars of the experi. 
ments are as follows :— 


| No. of Fish. 
| [Pan SSP RA eee ee Percentages 
| No. of Date. | Marked. | Recaptured. Recaptured. 
Experiment. | 
é | 2 | (%) |Total.| s | @ | (% |Total.| g | ¢ | (2 | Total. 
| i | ane 
I. TS July THT |) ABV 29) Oe 7 26 19 | mate 89° 147°6 65-5) en bas 
ID 12 Sept 1911. 30} 69] 3 | 102 | 14) 46) 2 61 |46°6 66°6|33°3) 59°8 
III. 12 June 1912. 27 |e 60 3 (9.90: | 06 Kes6 ) 2 54 |59°3 60° |66°6, 60° 
IV. 12 June 1913. | 36, 82) 1 | 119 16 | 38... | 54 |44-4/463) ... | 45-4 
tera pedicel faeces 
RY | 240) 7 | 382 | 66 |139| 3 208 |48°9)57°9|42°9| 54:4 
| | | | | } | 


EXPERIMENT I. 
13th July 1911. 


In this experiment, 71 fish were liberated, 42 being males and 29 females. 
The males measured from 24 to 46°5 cm., and the females from 24:5 to 44cm. The 
number of males under the adult size (33 cm.) was 26, and of the females (38 cm.), 
27. The numbers liberated and recaptured are shown in the following table, 
arranged in 5-cm. groups :— 


cm. cm. cm. cm. cm. 
25-30°5 = 31-35°5 36-40°5 41-45:5 46-50°5 Total. 


Hobib. .. : : 12* 11 5 1 a= 29 
F. Recap. 9 7 2 1 — 19 
M. Lib. . : ; Ugh) 19 3 — 1 42 
M. Recap. 4 5 1] 3 — 1 20 


* One at 24:5 cm. + One at 24 and one at 24:5 em, 
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The plaice used in this experiment were taken on Station II., Firth of Forth 
(Kirkcaldy Bay), on the same day as they were marked and liberated. 

The number recaptured was 39, or 54°9 per cent., namely, 20 males (47°6 per cent.) 
and 19 females (65:5 per cent.). Sixteen of the males were over adult size, ranging 
from 33°3 to 45°8 cm., and averaging 37-7 em., as compared with a range of 30°5 to 
46-5 cm., and a mean of 349 cm. on liberation ; the periods of freedom varied from 
28 to 599 days, the mean being 269°5 days ; the distances migrated were from 6°5 
to 187 miles, and the mean rate of movement, per 10 days, was 1:4 miles. Of the 
four recaptured males under adult size, the average was 30°2 cm., compared with 
28°7 cm. on liberation ; they travelled a mean distance of 43-8 miles in an average 
period of 184 days, at a mean rate of 2:4 miles per 10 days. 

Nine of the females were over the adult size on recapture, the range being from 
38°5 to 44 cm., and the average size 41:5 cm., as compared with 29 to 44 em. and an 
average of 35:4 cm., on liberation ; they were absent for from 19 to 761 days, the 
mean being 503 days ; their range of miles travelled was 13 to 83, averaging 43 miles ; 
they had travelled at a mean rate of ‘85 mile per 10 days. 

Ten were under the adult size, namely, from 27 to 33:2 cm., the mean size being 
30°8 cm., as compared with 26°5 to 33 cm. and an average of 29-7 cm. on liberation ; 
the periods of freedom varied from 42 to 379 days, averaging 132°4 days, and they 
travelled journeys of from 6 to 59 miles, the mean being 30°2 miles, and the average 
rate of movement, per 10 days, 2°3 miles. 


Tue Extent AND DIRECTION OF MIGRATION. 


First Quarter.—In July (which is here included in this quarter), 1 male, measur- 
ing 34-33°3 cm., was taken, after 15 days, 10 miles to the westward, in the direction 
of the Isle of May. 

In August, 1 male and 3 females were recovered ; the male, of 37-36°9 cm., was 
taken, after 28 days, to the east of the Bell Rock, at a distance of 64 miles in a 
north-easterly direction ; 1 of the females, of 39-38°6 cm., was caught, after 19 
days, to the south-east of Aberdeen, at 23 miles distant ; another, measuring 26°5- 
27 cm., was taken, near Buchan Ness, at a distance of 59 miles; the third female, 
of 32-32-7 cm., was recaptured, after 46 days, offshore, to the south-east of Long- 
stone Light, at a distance of 56 miles. 

Five fish were recaptured in September, 2 males and 3 females; 1 of the males, 
of 46:5-45°8 cm., and described as ‘“‘ about half ripe,” was taken, after 57 days, 
12 miles to the south and west ; the other male was caught at the same place, on the 
same day, and measured 33:5-35 cm., and was “immature”; 1 of the females, 
measuring 33-32°1 cm., was recaptured, after 71 days, 12 miles to the southwards ; 
another female, of 28-29-2 cm., was got, after 77 days, to the south-east of the Bell 
Rock, at a distance of 19 miles; the third female, measuring 29°5-31°5 cm., was 
recovered, after 68 days, near the Isle of May, at a distance of 33 miles to the 
westward. 

In this quarter, therefore, 10 fishes, or 25°6 per cent. of the total recaptured, 
were obtamed, namely, 4 males (20 per cent.) and 6 females (31°6 per ceat.). 

Second Quarter.—In October, 4 of the marked plaice were recovered, 3 males and 
1 female ; the female, measuring 30°5-32°3 em., was taken, after 106 days, off Fife 
Ness, at a distance of 34 miles ; one of the males, measuring 32°5-34°5 cm., was 
recovered, after 82 days, east of the Isle of May, at a distance of 24 miles from the 
Station ; another, of 30°5-30°5 em., was taken, after 84 days, 24 miles to the west- 
ward, off Fife Ness ; the third male. of 35-35°2 cm., was got, after 100 days, 31 miles 
to the south and west, towards the mouth of the Firth of Forth. 

In November, a female, measuring 44-43°8 cim., was recaptured, after 139 days, 
ofishore, near Aberdeen Bank, at a distance of 40 miles. 

In December, two males and two females were caught, but the position of one of 
the males and of one of the females was not recorded ; the other male, which 
measured 32-37 cm., was taken, after 144 days, at a distance of 24 miles to the 
south and west, towards the mouth of the Firth of Forth ; the female, of 29°5-30°2 
cm., was caught, after 154 days, 6 miles to the north and west. 
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Nine fish, then, or 23-1 per cent., 5 males and 4 females, were taken in the second 
quarter, the positions of 7 being recorded. 

Third Quarter —In January 1912, a male, of 28-30°2 cm., was recovered, after 
179 days, in St. Andrews Bay, at 44 miles distant. 

In February, a female, measuring 31°5-33'2 cm., was taken, after 216 days, in 
the same direction, at a distance of 27 miles. 

In March, 3 males were recaptured ; 1, measuring 29°5-30°4 cm., went to the 
south shore of the Firth of Forth, being got, after 236 days, about half a mile from 
Newhaven, a distance of 63 miles ; another male, of 27-29°6 cm., was also recaptured 
in the Firth of Forth, after 239 days, on the north shore, to the east of Khe, at a 
di:tance of 44 miles; both these fish were “immature”; the third male had 
migrated to the southwards, and was caught, after 252 days, 32 miles off Spurn 
Point, at a distance of 187 miles ; its size on liberation was 34 cm., but neither the 
size nor the condition of the testes was recorded on recapture. ° 

In this quarter, therefore, 5 fishes, or 12°8 per cent., were taken, 4 males and 1 
female. 

Fourth Quarter.—None was recaptured during this period. 

In the 12 months immediately following the liberation of the fish, 24, or 
61:5 per cent., were recovered, the positions being recorded in all but two cases. 
Four (18°2 per cent.) went north and east; 8 (364 per cent.) north and west ; 
2 (91 per cent.) south and east ; 7 (31°8 per cent.) south and west ; and 1 (4°5 per 
cent.), directly west. 

Particulars for each of the quarters and for the whole year are shown in the 
following table :— 


os | Per Average Range. 
fe 5, | Cent. Mean Average |Rate per 
Quarter. Direction. | ° & of | Direction. |Distance | 10 Days 
S © | Total. (miles). | (miles). |Distance.| Rate. 
I. July 1911. | N. and E. 3 B0r Neon: 29° 9-4 6°5-59° | 2:3-14 
Aug. 1911. | N. and W. 2 20: | N. 79° W. 14: 4:5 10-19" | 2°5-6°6 
Sept. 1911. |S. and E. 1 LOS aS: Soe 56° 1232 Bi 33 
S. and W. 3 30° ESs ole Wie 12° 1:9 12°) de7=2-1 
W. 1 10° W. 28° 65 a ae 
10 25°6 6°5—-59° | 1°7-14°4 
II. Oct. 1911. |N. and E. 1 14:35 | No 35°8n. 40 29 es 
Nov. 1911. | N. and W. 3 42°8 | N. 81° W. 21 OI 6-34: 4—-3°2 
Dec. 1911. |S. and E. Nil. 
S. and W. 3 42°8 | S. 83° W. 26° 275 24-3 fe sal 
7 179 6-34: 4-3°2 
Til. Jan. 1912. | N. and E. Nil. 
Feb. 1912. N. and W. 3 60° N. 79° W. 38° 18 27°44: | 1:2-2°4 
Mar. 1912. |S. and EK. 1 20° S. 9° E. 187 7:4 ti 
S. and W. 1 20° S. 86° W. 63 221 ‘ 
5 | 128 . 
IV. April 1912. | N. and E. Nil. 
May 1912. N. and W. Nil. { 
June 1912. |S. and E. Nil. 
S. and W. Nil. 
ie SUMMARY. N. and E. 4 18:2 
N. and W. 8 36°4 
|S. and E. 2 9:1 
S. and W. 7 31°8 
W. 1 4°5 
22 | 56-4 : fig 
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The next recaptures in this experiment were in July, when 1 male and 2 females 
were taken. The male, measuring 35°5-40°3 cm., was got, after 361 days, near 
Buchanness, at a distance of 63 miles to the north and east ; another, a female of 
29-38'5 cm., was taken, after 366 days, near Tod Head, 34 miles to the north and 
west ; the second female, which measured 28°5-30°8 cm., was found, after 379 days 
to the north-east of St. Abb’s Head, at a distance of 26 miles. 

In August, a male, of 33-37°3 cm., was recovered, after 403 days, south-east ol 
the Isle of May, at a distance of 26 miles. In September, 2 males were recaptured ; 
1, which measured 32-38°6 cm., was taken, after 427 days, to the east of the Isle 
of May, at a distance of 28 miles ; the other, of 33-41-7 cm., was caught, after 428 
days, in the offshore waters, to the south-east of Aberdeen, at a distance of 24 miles. 
In December, a female was recovered, after 511 days, to the north-east of Rattray 
Point, at a distance of 82 miles; it measured 36°5-44 cm., and was described as 
““immature.” 

Hight of the marked plaice were taken in 1913. In February, a male, measuring 
32°5-37°2 cm., was caught, after 596 days, near Aberdeen Bank, at 38 miles distant ; 
the condition of the testes was not recorded. Three were taken in March,a male, of 
39°5-41'7 cm., and “spawning,” a little south of Aberdeen, at a distance of 45 
miles ; another male, of 30°5-34°5 cm., and also “spawning ” (“ partly spent ”’), 
after 616 days, near Aberdeen Bank, a distance of 36 miles away ; the third, a female 
of 35-40°6 cm., and ‘‘ immature,” was got, after 614 days, at the same locality, 38 
miles distant. In April, after 657 days, a female was found 13 miles to the south 
and west ; it measured 35 cm. on liberation, but neither the size on recapture, nor 
the condition of the ovaries was recorded. In July, 2 females were recovered, 1, of 
34-43°6 cm., and “ spent,” after 728 days, offshore, to the south-east of Buchanness, 
at a distance of 61 miles; the other, measuring 30°5-40 cm., and “immature,” 
was taken, after 733 days, at a distance of 14 miles to the south and west. The last 
fish to be recaptured was a female, of 35-43 cm., which was taken in August, after 
761 days, to the north-east of Rattray Point, at a distance of 83 miles. 


'T ABLE. 
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The following table gives the mean distance and direction in each quadrant for 
all the fish recovered from the experiment :— 


Aggregate | Average 
Quadrant. Sex. No. of | Distance Distance Mean 
Fish. (miles). (miles). Direction. 


N. and E. Adult Males. 5 167 Nee ie 
Adult Females. 6 327. ING 2224s 
Immature Females. 1 59 Ni oo ate 
12 553 N. 19° E. 
N. and W. Adult Males. 2 55 N. 48° W 
Immature Males. 3 112 N. 82° W. 
Adult Females. i! 34 N. 21° W 
Immature Females. 4 86 N. 77° W 
Soak 10 287 N. 67° W 
Bland Ei, (| AduieMoles: 1 187 S. °F 
Immature Females. 1 56 8. 15° E 
ig et 2 243 S. 1228 
S. and W. Adult Males. 6 129 S. 78° W. 
Immature Males. 1 63 S. 86° W 
Adult Females. 2 27 S. 36° W 
Immature Females. D. 38 8. 31° W 
Il 257 S. 63° W 
Ww. Adult Males, 1 28 Ww. 
Immature Females. 1 33 W. 
EF 5 2 61 30 Ww. 
SUMMARY. 
N. and E. 12 553 46 N. 19° E. 
N. and W. 10 287 29 N. 67° W. 
S. and E. 2 243 121 S. 12° EB. 
S. and W. ll 257 23 S. 63° W. 
W 2 61 30 W. 
37 


Distances travelled—10 miles and under.—Three of the marked plaice were 
recaptured at distances of 6, 64, and 10 miles, 2 males and 1 female, 2 to the west- 
wards and 1 to the northwards. 

10 to 20 miles.—Six fishes, or 16°2 per cent., were caught at distances of from 12 
to 19 miles, viz. 2 males and 4 females; both the males and 3 of the females had 
moved to the south and west, and the remaining female to the north and west. 

Under 20 miles.—Thus, 9 of the plaice, or 24:3 per cent., were recaptured at 
distances of less than 20 miles, 4 being males (21 per cent.) and 5 females (29-9 
per cent.). 

20 to 50 miles.—Twenty of the recaptured plaice were found at distances of 
from 23 to 45 miles, or 54:2 per cent., viz. 12 males (63-2 per cent.) and 8 females 
(44:4 per cent.). Four of the males and 1 of the females were caught to the south 
and west; 4 males and 3 females to the north and west; 1 male and 1 female 
directly west ; 3 males and 3 females north and east. 

50 to 100 miles.—Seven, or 18-9 per cent., were taken from 56 to 83 miles away, 
2 males (10°5 per cent.) and 5 females (27°8 per cent.). One of the males and 4 of the 
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females went to the north and east, being recovered off the coast of Aberdeenshire ; 
a female was recaptured at a distance of 56 miles to the south and east, off the coast 
of Northumberland ; ; a male was taken in the Firth of Forth, off Newhaven, ata 
distance of 63 miles. 

Over 100 miles —One fish only, a male, went a journey of over 100 miles, being 
recaptured off Spurn Point, a distance of 187 miles to the south and east. 


MATURITY. 


The condition of the testes was ascertained in 17 of the recaptured males. 

Two were “spawning”; 1, measuring 39:5-41-7 cm., was taken in March 
1913, after 599 days, between Aberdeen and Stonehaven, at a distance of 45 miles 
to the north and west ; the other (“ partly spent ’’) measured 30°5-34°5 cm., and 
was also caught in March 1913, after 616 days, at Aberdeen Bank, a distance of 36 
miles to the north and east. 

One male, of 37-37:1 cm., recaptured in December 1911, after 147 days, was 
“nearly ripe,” but the position where it was taken was not recorded. Another 
male, of 46°5-45°8 cm., caught in September 1911, after 57 days, 12 miles south 
and west, was “‘ about half-ripe.” 

All the others were “immature”; none of those of adult size was caught 
within the spawning season. 

Females.—The condition of the ovaries was recorded in 16 of the 19 recaptured. 

None was “spawning” or “ripe”; 1, of 34-43°6 cm., taken in July 1913, 
alter 728 days, far off the coast of Aberdeen, at a distance of 61 miles, was “‘ spent ”’ ; 
another, of 29-38°5 cm., caught in July 1912, after 366 days, near Tod Head, at a 
distance of 34 miles, was “ apparently spent.” 

All the others were “‘ immature,” including 1, of 35-40°6 em., caught in March 
1913, after 614 days, at Aberdeen Bank, 38 miles distant. 


EXPERIMENT II. 
12th September 1911. 


In this experiment, 102 plaice were marked and liberated, comprising 30 males, 
69 females, and 3 of unknown sex. The sizes of the males ranged from 32:5 to 42 
cm., and of the females from 28 to 64 cm. Only 2 males were under the adult 
size (33 cm.) and 21 of the females (38cm.). The numbers liberated and recaptured 
are shown in the accompanying table, in groups of 5 cm. 


cm. cm. cm. cm. cm. cm. 


25-30°5 31-35°5 36-40°5 41-45°5 51-55°5 =6i1-65°5 Total, 
F. Lib. : : 4 a 41 15 ih 1 69 
F. Recap. . = 3 30 12 1 — 46 
M. Lib. , = 12 16 2 _- os 30 
M. Recap. . JSS 6 7 1 _ —- 14 
? Lib. . : : 1 1 —_ 1 _ — 3 
?Recap. . ee ne 1 — — — — 1 


The fish which were marked were taken at Station VI., Firth of Forth (off St. 
Monans), between 6 and 8 p.m. on the 11th September, and were set free at 1.40 a.m. 
on the 12th. 

The number recaptured was 61, or 59°8 per cent., namely, 14 males, or 46°6 per 
cent., 46 females, or 66°6 per cent., and 1 of undistinguished sex. 

Of the 14 males, the periods of freedom varied from 6 to 555 days, the average 
being 179 days; the sizes on liberation ranged from 33°5-41 cm., the average 
being 36°5 cm.; the sizes on recapture varied from 34:8 to 40°8 cm., the mean 
being 37°8 cm.; the distances migrated were from 2 to 208-5 miles, the average 
being 49-9 miles, and the mean rate of travel 2°78 miles per 10 days. 

Forty of the females were of adult size on recapture, viz. from 38:1 to 54:1 
em., the average being 42°6 cm., compared with a range of from 35:5 to 54 cm., on 
liberation, and an average of 40°3 cm.; they were free for from 3 to 897 days, the 


146 


mean being 260 days; the distances migrated varied from 9 to 151:5 miles, the 
average being 49-4 miles, and the mean rate of movement 1:9 miles per 10 days. 
Six of the females were under the adult size, the average being 36°6 cm., as com- 
pared with 35:9 cm. when liberated ; the average pericd of freedom was 93 days, 
the mean distance travelled 36-5 miles, and the mean rate of movement per 10 days, 
3°9 miles. 

THe Extent anpd Direction or MIGRATION. 


First Quarter.—In September, which is included in this quarter, 6 fish were 
recaptured, 1 male and 5 females, | of the females to the west, and all the others 
to the south and west. The male, measuring 39°5-39-2 cm., was taken, after 6 
days, 24 miles to the south-west ; 2 of the females were got, 3 days after liberation, 
both 12 miles to the south-west, 1, measuring 40-39-8 cm., and the other, 40-39-4 
em. ; 2 were taken after 7 days, both to the south-west, 1, of 34-5-34:5 cm., at a 
distance of 19 miles, and the other, of 39:5-38°6 cm., at a distance of 9 miles; the 
last female, which measured 37-37:'1 cm., was got, after 16 days, to the east of the 
Isle of May, at a distance of 30 miles to the westward. The rates of movement 
of these fishes were considerable, in three cases amounting to 40 miles per 10 days, 
or 4 miles per day. 

In October, 6 fish were recaptured, 2 males, 3 females, and 1 whose sex was 
undetermined. One of the males, measuring 39-38°5 cm., and “ nearly half-ripe,” 
was caught, after 22 days, off Fife Ness, at a distance of 284 miles to the west : 
the other male, which measured 36-35°8 cm., and “immature.” was recovered, 
after 24 days, 133 miles to the south-west: 1 of the females, measuring 44-5-44 
cm., and “nearly ripe,” was caught, after 27 days, to the east of St. Abb’s Head, 
at a distance of 30 miles south-west of the station; another female, of 40-41-2 
cm., and “fully haif-ripe,” was caught, after 36 days, offshore, to the east of 
Aberdeen, at a distance of 42 miles to the north and east ; the remaining female, 
measuring 37°5-38°3 cm., and also “ fully half-ripe,” was recaptured, after 42 days, 
off Tod Head, at a distance of 30 miles; the fish, whose sex was unknown, was 
taken, after 27 days, off Dunbar, a distance of 40 miles in a south-westerly direction. 

In November, 4 females were recaptured, but the position of capture of 1 was 
not recorded. One, measuring 54-54:1 cm., and “nearly ripe,” was got, after 59 
days, near the Bell Rock, at a distance of 36 miles; another, measuring 38-37:8 
cm., and the condition of whose ovaries was not determined, was taken, after 63 
days, to the south and east, off Whitby, at a distance of 102 miles; the other 
female, whose size on recapture was 42°3 cm., was taken, after 74 days, off the Isle 
of May, at a distance of 34 miles to the south and west ; this fish was originally 
liberated between Elie and Fidra, on the 19th June 1911, and recovered by the 
‘ Goldseeker ” at Station VI., Firth of Forth, on the 11th September, when trawling 
for fish for this experiment ; it was then liberated on the 12th September, 40 miles 
east of the Isle of May. 

In the first quarter, therefore, 16 of the plaice, or 26:2 per cent., were recap- 
tured, namely, 3 males, 12 females, and 1 of unknown sex; 9 had moved to the 
south and west, 1 to the west, 3 to the north and west, and 1 each to the north- 
east and south-east ; the position of 1 was not recorded. 

Second Quarter—In December, 6 fishes were recaptured, 3 males and 3 females. 
One of the males, which measured 35 cm. on liberation, was taken, after 83 days, 
13 miles to the south-west ; another, measuring 35-34°8 cm., and “nearly ripe,” 
was taken, alter 92 days, in the same locality, at a distance of 16 miles; the third, 
of 39-38°4 cm., and “nearly ripe,” was caught, after 108 days, to the east of the 
Isle of May, at a distance of 28 miles. One of the females, which measured 42 cm. 
on liberation, was taken, after 83 days, to the east of the Isle of May, at a distance 
of 24 miles; another, of 385-381 cm., was recaptured, after 86 days, 17 miles to 
the westward ; the remaining fish, which measured 36-36°6 cm., was taken, after 
93 days, to the east of the Isle of May, at a distance of 24 miles. 

In January 1912, a female, which was 44-46 cm., and “nearly ripe,” was 
recovered, after 133 days, off Aberdeen, at a distance of 47 miles to the north 
and east. 

In February, 7 of the marked plaice were got, 3 males and 4 females. One of 
the males, which measured 36-37°6 cm., and the condition of whose testes was not 
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recorded, was caught, after 152 days, 10 miles east by north of Hartlepool, 97 miles 
to the south and west ; another, of 41-40°8 cm., and the condition of whose testes 
was not ascertained, was caught, after 154 days, at Aberdeen Bank, 39 miles to 
the north and east ; the third male, which measured 35-37°8 cm., and the condition 
of whose testes was not ascertained, was recovered south of Aberdeen Bank, at a 
distance of 30 miles to the north and east. One of the females, of 40-39°3 cm., 
and the condition of whose ovaries was not determined, was recaptured, after 
150 days, at Aberdeen Bank, at a distance of 41 miles ; another, of 34-36:2 cm., 
and described as “ half-ripe,” was taken, after 156 days, to the east of the Isle of 
May, at a distance of 24 miles; a third, of 40-40 cm., and “ripe,” was taken, 
after 164 days, off Banff, in the Moray Firth, at a distance of 110 miles; the 
remaining female, which measured 38°5-39 cm., and was said to be “nearly ripe,” 
was caught, after 144 days, off the Orkney Isles, at a distance of 151 miles. 

Thus, in the second quarter, 14 fishes, or 22°9 per cent., were recaptured, 6 males 
and 8 females. Two had moved directly west, 6 south and west, and 6 north 
and east. 

Third Quarter —Three females were recaptured in March 1912, but the position 
of 1 was not recorded ; 1, measuring 41°5-41°7 cm., and “ripe,” was taken near 
Buchanness, at a distance of 60 miles, after 181 days ; the other, which measured 
37°5-39°3 cm., and the condition of the ovaries of which was not known, was caught, 
after 187 days, 19 miles to the north and east. 

In April, 5 were recaptured, 1 male and 4 females. The male, which was 
39 cm. on liberation, but whose size on recapture and the condition ot the testes 
were not ascertained, was taken, after 225 days, 11 miles 8.8.W. of Sule Skerry, 
off the north coast of Scotland, at a distance of 208 miles. All the females were 
“immature”; 1, of 36-37°7 cm., was recaptured, after 222 days, to the east of 
the Isle of May, at a distance of 20 miles directly west ; another, of 39°5-41 cm., 
was found, after 227 days, off Buchanness, at a distance of 65 miles ; the third, of 
38-40'9 cm., was caught, after 229 days, to the south-east of Aberdeen, at a distance 
of 32 miles ; the fourth, measuring 41-42°5 cm., was recaptured, after 231 days, 
154 miles to the north and west. 

Two were got in May, a male, of 33:5-36 cm., after 262 days, at a distance of 
only 2 miles to the east, and a female, of 36°5-39°5 cm., and “‘ immature,” after 
261 days, ofishore, off the coast of Aberdeen, at a distance of 47 miles to the north 
and east. 

In this quarter, then, 10 fishes, or 16°4 per cent., were recovered, viz. 2 males 
and 8 females. The position of capture of 1 was unknown ; 1 was found to the 
east, 1 to the west, 5 to the north-east, and 2 to the north-west. 

Fourth Quarter —Five were recovered in June 1912, 1 male and 4 females. The 
male, of 34-38 cm., and described as “ mature,” was taken, after 276 days, 8 miles 
to the south and west ; ove of the females, measuring 41-44°6 cm., was caught, 
after 286 days, 47 miles to the north and east, far offshore ; another, of 40°5-45-2 
cm., was caught, after 269 days, near Aberdeen, at a distance of 44 miles to the 
north and east ; the third, of 38°5-42°6 cm., and described as “ apparently spent,” 
was taken, after 273 days, 21 miles to the westwards ; the fourth female, measuring 
40°5-42°1 em., was found at a distance of 26 miles to the north and east. 

A female, of 39°5-42°2 cm., was taken in July 1912, after 314 days, to the north- 
east of Aberdeen, at a distance of 51 miles. 

In August, 3 females were recaptured, all to the north and east. One, measuring 
42°5-44°3 em., and “about half-ripe,” was captured, after 324 days, far offshore 
(80 miles east of Buchanness ; 57° 51’ N.; 0° 20’ EK.) to the north and east, at a 
distance of 112 miles ; another, of 39°5-43°5 cm., and “immature,” was captured, 
after 344 days to the north-east of Kinnaird Head, at a distance of 97 miles ; the 
third female, of 41-43:2 cm., and described as “‘ three-quarters ripe,” was taken, 
after 351 days, 50 miles N.N.E. of Buchanness, at a distance of 117 miles from 
the station. 

In the first 12 months after liberation, 49 of the marked plaice, or 80°3 per 
cent., were recovered, particulars as to position of recapture being recorded for 
47. Nineteen (40°4 per cent.) travelled to the north aid east ; 16 (34 per cent.) 
to the south and west ; 6 (12°8 per cent.) to the north and west ; 4 (8°5 per cent.) 
directly west ; and 1 each to the south-east and directly east. 
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These particulars are set forth in the following table :— 


= 
“2 5 | Per Average Range. 
Ee = | Cent Mean | Average |Rate per 
Quarter. Direction. | © 8 | of | Direction. |Distance | 10 Days 
oe Total. (miles). | (miles). | Distance.| Rate 
I. Sept. 1911. | N. and E. 1 6:6 | N. 35° E 42: 11°6 bs ig 
Oct. 1911. | N. and W. 3 20: | N. 60° W. Bile 87 | 28°5-36°6| 1-12:9 
Nov. 1911. | 8. and E. 1 GOES 6 alle aEE 102 16:2 ats oe 
S. and W. 9 GOP S67 We 22 20°3 12-40°5 | 1:°5—-40 
W. 1 6°6 W. 30 18°7 ty nd 
15 24°6 12—40°5| 1°5-40 
II. Dec. 1911. | N. and E. 6 42°8 | N. 21° ER 69° 46 30-151°5} 1°8-10°5 
Jan. 1912. | N. and W. Nil. 
Feb. 1912 S. and EK. Nil. 
S. and W. 6 42°8 | S. 69° W 33 2°8 13°5-97 | 1°5-6°4 
W. 2 14:3 W. 22° 2:3 17-28} 1:9-2°6 
14 | 22°9 135-1515| 15-105 
Ill. Mar. 1912. | N. and E. 5 55°5 | N. 25° BE. 80° 3°6 19-208°5| 1-9:26 
April 1912. | N. and W 2 22:2 | N. 7° W. 24° 1:03 | 15°5-32°5| -7-1-4 
May 1912. |S. and E. Nil. 
S. and W. Nil. 
E. 1 11-1 E. 2° 9 
W. ] Lik W. 20° 9 
9 | 148 15°5-208'5| °7-9-26 
IV. June 1912. | N. and E. 7 77:8 | N. 21° E. 71 2:2 |26°5-117°5| + -9-3°5 
July 1912. | N. and W. 1 11:1 | N. 79° W. 21° ‘17 si a 
Aug: 1912. |S. and E. Nil. 
S. and W. 1 11-1 | S. 46° W. 8: 3 
9 14°8 
SUMMARY. N. and E. 19 40°4 
N. and W 6 12°8 
S. and E. ] 2:1 
S. and W. 16 34° 
W. 4 85 
EK. 1 2:1 


Five of the remaining fishes were recaptured in 1912. 


Two were taken in 


September, 1, a female, of 40-42°7 cm., and “ nearly ripe,” after 376 days, on the 
station, without having apparently migrated at all; the other was a male, of 36°5- 
39-2 em., also taken after 376 days, offshore, to the south and east of Buchanness, 
at a distance of 59 miles. 

Two females were recaptuged in October, 1, of 42-46°6 em., after 391 days, to 
the east of the Bell Rock, at a distance of 15 miles ; the other, measuring 40-44°3 
cm., was caught, after 402 days, far ofishore, to the east of the Berwickshire coast, 
at a distance of 50 miles to the south and east. 

A female, of 36°5-48°4 em., was caught in November, after 431 days, 26 miles 
farther to the east, at a depth of 40 fathoms. 

Five were taken in 1913. Tn March, 2 females and | male were got; 1 of the 
females, measuring 43-46 em., and “spent,” was caught, after 561 days, m the 
Firth of Forth, near Elie, at 46 mules distant to the westwards ; the other female, 
of 41°5-44°5 cm., was taken 26 miles E. +8. of Scarborough, 132 miles to the south 
and east; the condition of the ovaries was not recorded ; the male, of 33°5-37°9 
cm., and described as “spent,” was caught, after 555 days, off Noss Head, at a 
distance of 131 miles to the north and east. 
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A female, of 38-41-1 cm., and “‘ spent,” was recovered in July, after 665 days, 
15 miles to the westwards. 

In December, after 817 days, another female, of 35°5-46-2 em., was taken, off 
Noss Head, 128 miles to the north-east. ; 

One fish only was got in 1914. It was a female, of 40°5-48-2 cm., and “ spawn- 
ing,” taken in February, after 897 days, near Aberdeen, at 52 miles distant to the 
north and west. 

A summary of the mean distance and direction m each quadrant, travelled by 
all the marked fish recaptured from this experiment, is given in the following 
table :-— 


No. of Aggregate Average 


L : Mean 
Quadrant. Sex. : Distance Distance cota 
Fish (miles). (miles). Direction. 
N. and E. Adult Males. 5 467 93 N. 24° EB. 
Adult Females. 17 1204 71 N. 21° B. 
Auli 22 | 1671 76 N.22°R, 
gana Wo | Adult Wales: 1 28 28 N. 85° W. 
Adult Females. 8 247 31 N. 39° W. 
liked 9 275 31 N. 44° W. 
Pee | Adult Womalen. 3 208 69 S. 45° E. 
Immature Females. 1 102 102 tS me oon 
4 310 77 S.34°E. | 
Retnawe || Adult Males, 6 171 28 S.61°W. 
Adult Females, 6 121 20 S. 65° W. 
Immature Females. 3 67 Ope S. 77° W 
? Sex. 1 40 40 8S. 79° W 
16 399 25 8. 67°W. 
W. Adult Males. 1 28 28 Wok. 
Adult Females. 3 42 14 W. 
Immature Females. 2 50 25 W. 
Uh 6 120 20 wel 
E. Adult Males. 1 2 2 ioe 
SUMMARY. 
N. and E. 22 1671 76 IN. 22? i. 
N. and W. 9 275 31 N. 44° W. 
S. and E. 4 310 V4 8. 34° E. 
S. and W. 16 399 25 S. 67° W. 
W. 6 120 20 W. 
EK 1 D4 3 E 
58 ia ee ie 


Distances travelled—Under 10 miles—Four of the fish, or 6:9 per cent., were 
recaptured at distances of from 2 to 10 miles, viz. 2 males (14°3 per cent.), with 
an average of 5 miles, and 2 females (4°6 per cent.), with an average of 9°5 miles. 
Two were found to the south and west, | to the east, and 1 to the west. 

10 to 20 miles.—Hleven, or 18°9 per cent., were got at distances of from 12 to 
19 miles, viz. 3 males (21°4 per cent.), with an average of 14°3 miles, and 8 females 
(18-6 per cent.), with an average of 15°6 miles. All the males and 3 of the females 
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went south and west, in the direction of the mouth of the Firth of Forth ; 2 of the 
females moved directly west, 2 to the north and west, and 1 to the north and east. 

Under 20 miles.—Thus, 15, or 25°8 per cent., were taken within 20 miles of the 
station, 5 males (35:7 per cent.), with an average of 10°6 miles, and 10 females (23:2 
per cent.), with an average of 14:4 miles. 

20 to 50 miles.—Twenty-six of the recaptured plaice or 44°8 per cent., were taken 
at distances of from 20 to 47 miles, 5 males (35:7 per cent.), with an average of 
29°9 miles, 20 females (46°5 per cent.), with an average of 33°5 miles, and 1 whose 
sex was not recorded. One of the males and 2 of the females were found directly 
west, towards the Firth of Forth ; 1 of the males and 5 of the females went north 
and west, mostly towards the Firth of Forth ; 2 males and 7 females went north 
and east; 1 male and 5 females were found to the south and west, as was also 
the fish of unknown sex ; and 1 female was got to the south and east. 

50 to 100 miles.—Hight of the recaptured plaice, or 13:8 per cent., were taken 
at distances of from 50 to 97 miles, viz. 2 males (14°3 per cent.), with a mean of 
78 miles, and 6 females (13-9 per cent.), with a mean of 62°7 miles. One of the 
males and 4 of the females went to the north and east, off the coast of Aberdeen- 
shire ; the other male went south and west to off Hartlepool ; 1 female was found 
to the north and west, off Aberdeen, and another to the south and east. 

Over 100 miles.—Nine were recovered at distances of from 102 to 208 miles, 2 
males (14°35 per cent.), with an pa: of 169-7 miles and 7 females (16°3 per cent, i 
with a mean of 122 miles. The 2 males and 5 females were taken to the northwards, 
off Buchanness, in the Moray Firth, and on the north coast of Scotland, while 2 of 
the females were caught to the south-east, off Whitby and Scarborough. 


MATURITY. 

Males.—Of the 14 males recaptured, the condition of the testes was ascertained 
only in 8. 

One, of 34-38 cm., taken in June 1912, after 276 days, at a distance of 8 miles 
to the south and west, was described as “ripe.” Two were “nearly ripe,” 1, of 
35-34'8 cm., got in December 1911, after 92 days, 16 miles to the south and west, 
and the other, of 39-38-4 cm., also found in December, after 108 days, 28 miles to 
the westwards. 

One was “spent”; it measured 33°5-37:9 cm., and was caught off Noss Head, 
Moray Firth, in March 1913, after 555 days. 

Another, of 39-38°5 cm., was described as “‘ nearly half-ripe,” and was caught 
in October 1911, after 22 2 days, 28 miles to the north and west. 

The remaining 3 were “immature”; 2 were taken in the month of September, 
and 1 in October. 

Females.—Of the 46 females caught, the condition of the ovaries was recorded 
for 36. 

One, measuring 40°5-48-2 cm., was “spawning,” and was taken in February 
1914, after 897 days, at Aberdeen Bay, a distance of 52 miles to the north and west. 

Two were “ripe”; 1, of 40-40 cm., was caught in February 1912, after 164 
days, off Whitehills, Banff, in the Moray Firth, at a distance of 110 miles; the other, 
of 41:5-41-7 cm., was taken in March 1912, after 181 days, near Buchanness, ata 
distance of 60 miles to the northwards. 

Five were “nearly ripe”; 1, of 445-44 cm., was found in October 1911, after 
27 days, 30 miles to the south and west, east of St. Abb’s Head; the second, 
measuring 54-54:1 cm., was taken in November 1911, after 59 days, 36 miles to the 
north and west, off St. Andrews Bay ; the third, measuring 44-46 cm., was caught 
in January 1912, after 133 days, near Aberdeen, at a distance of 47 miles to the 
northwards ; the fourth, of 385-39 cm., was recaptured in February 1912, after 
144 days, near the Orkney Isles, at a distance of 151 miles; the position where 
the remaining female was taken i is unknown . 

Two were described as “spent”; 1, of 43-46 cm., was got in March 1913, after 
561 days, in the Firth of Forth, between St. Monans and Pittenweem, at a distance 
of 46 miles; the other, of 38-41:1 cm., was eae in July 1913, after 665 days, 
15 miles to the westwards. Another females of 38:5-42°6 cm., was taken in June 
1912, after 273 days, 21 miles to the north and west, and was described as “ appar- 


ently spent.” 
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One was “ three-quarters ripe” ; it measured 41—43-2 cm., and was recovered in 
August 1912, after 351 days, 50 miles N.N.E. of Buchanness, a journey of 117 miles. 

Three were said to be “ fully half-ripe,” 2 being recaptured in October 1911, 1, 
measuring 37°5-38°3 cm., 30 miles to the north-west, and the other, of 40-41-2 em., 
42 miles to the north and east ; the position of the third was not recorded. One, 
of 42°5-44:3 cm., was described as “‘ about half-ripe ” ; it was recaptured in August 
1912, far offshore, to the north-east of Buchanness, at a distance of 112 miles. A 
female, of 41-44°6 cm., taken in June 1912, offshore, at a distance of 47 miles to 
the north and east, was said to be “a quarter ripe.” 

All the other females of adult size were “immature.” Three were caught in 
the month of April; 1, of 41-42°5 cm., after 231 days, 15 miles to the north and 
west ; another, of 39°5-41 cm., after 227 days, off Buchanness, at a distance of 65 
miles to the north and east ; the third, after 229 days, 32 miles to the north and 
west. 
A female, which measured only 34-36-2 cm., and was caught in February 1912, 
after 156 days, 24 miles to the south and west, was described as “‘ half-ripe.”’ 


EXPERIMENT III. 
12th June 1912. 


The number of plaice marked and liberated in this experiment was 90, comprising 
27 males, 60 females, and 3 whose sexes were not determined. The sizes of the males 
ranged from 29°5-41 cm., and 12 were under the adult size (33 cm.) ; the sizes of the 
females ranged from 245-48 cm., and 40 were under the adult size (38 cm.). The 
numbers liberated and recaptured are shown in the following table, arranged in 
groups of 5 em. :— 


cm. cm. em. em. cm. 

25-30°5 31-35°5 36-40°5 4145-5 46-50°5 Total. 
‘led BT Sareea : : Los 24 16 8 2 60 
F. Recap. . , ‘ 7 17 7 5 = 36 
MeLab.- :. : 5 18 3 1 — 27 
M. Recap . : : 2 11 3 aaa — 16 
¢ Lib. F t : — 1 1 — = 3t 
? Recap. . : : = 1 a = a 2T 

* One at 24:5 cm. T Two no sizes given. 


The plaice used in this experiment were trawled by the “ Goldseeker ” in Kirk- 
caldy Bay, Firth of Forth, on the llth June 1912, and were marked and put in 
tanks between 2.50 and 3.55 p.m. ; they were liberated at 1.20 p.m. on the follow- 
ingday. Eighteen of the marked fish, on this occasion, died while in the tanks. 

The number recaptured was 54, or 60 per cent., viz. 16 males (59-3 per cent.), 
36 females (60 per cent.), and 2 whose sexes were unknown. 

Thirteen of the males were of adult size, measuring, on recapture, from 34-6- 
41:9 cm., with an average of 38°3 cm., compared with 29:5-37:5 cm., and a mean of 
33°5 cm. on liberation ; the fish were at liberty for from 17 to 1377 days, the mean 
being 453 days; the distances migrated varied from 9 to 194 miles, with an average 
of 58:2 miles, and a mean rate of movement, per 10 days, of 1:3 miles. 

Three males were immature, the average size being 32°4 cm., as compared with 
32 cm. on liberation ; they were free for an average period of 132 days, the average 
distance travelled being 20°6 miles, and the mean rate of movement 1:56 miles per 
- 10 days. 

Twelve of the females were of adult size on recapture, averaging 43 cm., and 
ranging from 38°5-49°3 cm., as compared with an average size of 38°9 cm., and a 
range of 33°5-44°5 cm. on liberation ; they were at liberty for from 26 to 1001 days, 
the mean being 466 days ; they moved journeys of from 34 to 120 miles, the average 
being 45 miles, and the mean rate of migration, per 10 days, -97 mile. E 

Twenty-four of the females were under adult size, ranging from 29-4-37°5 cm., 
the mean being 33-9 cm., as compared with a variation of from 28 to 38 em., and a 
mean of 32:5 cm. on liberation ; they were free for from 15 to 400 days, the average 
being 142-6 days ; the distances moved ranged from 34 to 59 miles, the mean being 
27-7 miles, and the mean rate 1°99 miles per 10 days. 
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THe Extent AND DIRECTION or MIGRATION. 


First Quarter.—In June 1912, which is included in this period, 2 males and a 
female were recaptured. One of the males, of 33-32°5 cm., and “spent,” was 
taken the next day after liberation, at a position described as 234 miles S.E. 4 8. 
of Tod Head, which represents a distance of 21 miles to the north-west ; the fish 
was taken by an English trawler and landed at North Shields. The other male, 
which measured 35-346 cm., and was “immature,” was got, after 17 days, 9 miles 
to the north and west. The female, which was 34:5-33°1 cm., was taken, after 15 
days, 34 miles to the westward. 

In July, 9 fish, all females, were recaptured, all but 1 being under adult size. 
One, measuring 38°5-38°8 cm., was recovered, after 26 days, off St. Abb’s Head, 
at a distance of 24 miles. Another, of 35°5-36 cm., was also captured to the east of 
St. Abb’s Head, at a distance of 28 miles to the south and west. A third, measuring 
35-35 cm., was taken, after 30 days, 15 miles to the south and west. A fourth, of 
38-37°5 cm., was recaptured, after 45 days, to the north-east of St. Abb’s Head, at 
a distance of 14 miles to the south-east of the station. The fifth, measuring 37--37-1 
cm., was taken, after 42 days, north-east of the Bell Rock, at a distance of 25 miles. 
The sixth, of 32°5-32°9 em., was caught, after 36 days, 15 miles to the north-west. 
The seventh, of 38-37°3 cm., was found, after 40 days, at a distance of 13 miles in 
the same direction. The 2 remaining fish moved directly west, 1, of 32-31-7 em., 
being taken, after 37 days, at a distance of 32 miles, near the Isle of May, and the 
other, which measured 31-30°6 cm., in the same direction, at 12 miles distant, 
after 29 days. 

Two females were recovered in August, 1, of 41-5-41-3 cm., after 64 days, at 34 
miles to the north and east, and the other, of 35 em., on liberation was taken, after 
75 days, to the south-east of Longstone Light, at 59 miles distant. 

In the first quarter, then, 14 fishes were recaptured, or 25:9 per cent., 2 males 
and 12 females. Five (35:7 per cent.) had migrated north and west, towards the 
coast ; 4 (28°6 per cent.) to the south and west, towards the Firth of Forth; 2 
had moved south and east ; 2 west ; and 1 north and east. 

Second Quarier.—In September, 4 fish were taken, 3 females and | male, the 
females all being under the adult size. The male, which measured 36:5-37-8 cm., 
was caught, after 92 days, 18 miles to the south and west. One of the females was 
got in the same locality, at a distance of 164 miles, after 104 days. Another was 
taken, after 90 days, off the Isle of May, at 32 miles distant to the south and west. 
The remaining female was recaptured, after 86 days, 13 miles to the south and 
west. 

One female was recovered in October, off St. Abb’s Head, at a distance of 24 
miles, after 125 days; it measured 28-29°4 cm. 

Two females were recaptured in November. One, of 34-37-5 cm., was taken, 
after 161 days, 23 miles to the south and west. The other, which measured 30-32:1 
em., was caught, after 145 days, 24 miles to the south and west, towards the Firth 
of Forth. 

Thus, 7 fish, or 12°9 per cent., were recaptured in the second quarter, all of 
them to the south and west. 

Third Quarter.—In December 1912, 3 males were taken, 1, measuring 32-32°4 
cm., after 194 days, 15 miles to the west. Another, of 32-352 cm., and “ nearly 
spent,’ was got, after 196 days, off Sule Skerry, on the north coast of Scotland, at 
a distance of 194 miles. The third male, of 31-32-5 cm., and described as “ very 
immature,’ was caught, after 201 days, to the north and west, off St. Andrews 
Bay, at 26 miles distant. 

In January 1913, a female was taken, after 222 days, at a locality unspecified. 

In February, seven plaice were recovered, 2 males and 5 females. One of the 
males, which measured 37°5-38 cm., but the condition of whose testes was not 
determined, was caught, after 238 days, offshore, at 139 miles to the south-east — 
(54° 20’ N.; 0° 30’ E.). The other male, of 34-37-2 cm., and “ spawning,” was 
recaptured to the south-east of Aberdeen, at a distance of 37 miles, after 260 days. 
One of the females, which measured 38-40°8 cm., and was “immature,” was got, 
after 237 days, near Aberdeen, at a distance of 47 miles. Another female, which 
was 41°5-41:6 cm., and is described as “apparently spent,” was found, after 259 
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days, off Fife Ness, at a distance of 31 miles to the westwards. The other 3 
females were under the adult size. One was taken, alter 238 days, 26 miles to the 
north and east ; another, after 248 days, was got in St. Andrews Bay, close inshore ; 
and the third, after 253 days, well into the Firth of Forth, to the west-of Elie, at a 
distance of 58 miles. 

In the third quarter, therefore, 11 fishes, or 20°4 per cent., were recaptured, but 
the position of 1 was not recorded; of the others, 5 (50 per cent.) went north 
and west, towards the coast, and 3 north and east; 1 went south and east, 
and 1 directly west. 

Fourth Quarter —A female, of 34-372 cm., and “immature,” was recaptured 
in March 1913, after 285 days, offshore, off Aberdeen, at a distance of 43 miles. 

In April, after 296 days, a female, of 4245-3 cm., and “ spent,” was taken 5 
miles to the east. 

Four were caught in May, 1 male and 3 females. The male, measuring 
35°5-37°3 cm., and “ spent,” was caught, after 350 days, off Montrose, at a distance 
of 31 miles to the north and west ; one of the females, of 37-5-41:7 cm., the con- 
dition of whose ovaries was not recorded, was taken, after 337 days, at a distance 
of 153 miles in the same direction ; another, measuring 30°5-33°5 cm., and “‘ im- 
mature,’ was recovered, alter 328 days, off Dunbar, 34 miles to the south and 
west ; and 1, of 30-5-33°5 cm., and “immature,” was caught, after 352 days, to 
the north of Aberdeen, at a distance of 59 miles. 

Thus, in the fourth quarter, 6 plaice, or 11-1 per cent., were recaptured, 2 to 
the north and east, 2 to the north and west, 1 to the east, and 1 to the south and 
west. 

In the 12 months immediately following liberation, 38 of the marked 
plaice, or 70-4 per cent., were taken, but the place of capture of 1 was not known. 
Twelve (32:4 per cent.) migrated north and west, towards the coast ; 6 (16:2 per 
cent.) to the north and east ; 12 (32°4 per cent.) to the south and west, towards 
the Forth ; 3 each to the west and to the south and east, and 1 to the east. 


[TABLE. 
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Particulars for all the fish recovered in the first year after liberation are shown 


in the following table :— 


| aS 
Hg lar Average | Range. 
ea = | Cent. Mean | Average |Rate per |_ 
Quarter. Direction. | ° 5 of | Direction. | Distance] 10 Days 
oS Total. (miles). | (miles). |Distance.| Rate. 
| 
I. June 1912. | N. and E. 1 7:1 | N. 56° E. 3°5 “DD aha : 
July 1912. | N. and W. 5 35°7 | N. 45° W. 14. | 45:3 3.5-25 | 2°3-2°10 
Aug. 1912. |S. and E. 2 14°3 | 8S. 13° E. 36° 5°5 14-59 | 3°1-7°9 
S.andW.| 4 | 286 |S. 51° W. PN: 66 | 15°5-28| 4:3-9-4 
W. 2 14:3 W. ee 6-4 12-32 | 4:1-8°6 
14 25:9 a i: ae 
II. Sept. 1912. | N. and E. a Nil. 
Oct. 1912. |N.and W.| .. Nil. 
Nov. 1912. |S. and E. ae Nil. 
S. and W. 7 100. | S. 59° W. 22° 19 13-32] 1°4-3.5 
1 12°9 A a . A 
Ill. Dec. 1912. | N. and E. 3 30> | N. 9° E: 86° 4:1 26-194} 1:1-9-9 
Jan. 1913. | N. and W. 5 50° | N. 64° W. 42: Ney) 26-58. | 1:2-2°3 
Feb. 1913. |S. and E. 1 10-5 |SS Ube: 139° 58 we ; 
S. and W. Nil. 
W. 1 10° W. 15° 8 
LO 18°5 
TV. Mar. 1913. | N. and EB. 2 soso ONG were 51° 16 43-59 | 15-17 
April 1913. | N. and W. 2 33°3 | N. 35° W 23° ‘7 | 155-31) -5- 9 
May 1913. |S. and E. Nil. | | 
Sand W.! 1 | 166 | S.78°W 34: 1-03 
| EK. 1 16°6 E. 5° Li 
SUMMARY. N. and E. 6 16:2 
iN. and W.| 12 | 32-4 ! 
S. and EK. 3 to Jal I 
S. and W. 12 | 32-4 
E. ] 2:7 
W. 3 81 
37 | 68°5 


Six of the remaining fish recaptured were taken in the remainder of 1913, 8 in 
1914, 1 in 1915, and 1 in 1916. 

In June 1913, after 563 days, a female, of 34°5-38°8 cm., and “‘ immature,” 
caught near the Isle of May, 34 miles to the south and west. 

Two males and a female were recovered in July, the female, of 32-35 em., after 
400 days, east of St. Abb’s Head, at a distance of 20 miles to the south and west, one 
of the inales, of 36-40°6 cm., after 393 days, near the Bell Rock, at a distance of 
29 miles to the north and west, and the other, of 33-38 cm., after 407 days, in the 
same locality, at a distance of 28 miles. 

In October, a male, of 32°5-39-2 em., and “ fully half ripe,” was captured, after 
477 days, in the Firth of Forth, off Elie, at a distance of 46 miles to the north and 
west ; one, of unknown sex, and whose size, by an omission, was not recorded on 
liberation nor on recapture, was caught, after 491 days, north of the Great Fisher 
Bank (58° 18’ N.; 4° 2’ EK.) at a depth of 37 fathoms, the distance being 190 miles 
eastward from the station ; it was taken by an English trawler and landed at Hull, 
but only the label came into my possession. 

A male, measuring 31-40°3 em., and “‘ immature,” was taken in February 1914, 
alter 616 days, off Tod Head, 29 miles to the northward. 

Two females were got in March 1914, one, of 33°5-38°5 cm., after 643 days, 


was 
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near the Isle of May, at a distance of 30 miles westward, and the other, of 42—44-7 
cm., after 639 days, off Flamborough Head (54° 35’ N.; 0° 22’ E.), at a distance of 
120 miles to the south-east ; it was “immature.” 

In May 1914, a male, of 30:5-39 cm., was recaptured at a distance of 13 miles to 
the north-west, after 706 days, and one of unrecorded sex, which measured 34-43 
cm., and was “spent,” was taken, after 691 days, 17 miles to the south and west. 

In July, after 758 days, a male which measured 33-41:9cm., and was “immature,” 
was recovered offshore, to the south-east of Aberdeen, at a distance of 37 miles. 

Two females were got in October, one, measuring 44°5 cm. on liberation and 
“half ripe,” after 863 days, north-east of St. Abb’s Head, at a distance of 24 miles 
to the south-west ; the other, of 39-49 cm., and described as “‘ about three-quarters 
ripe,” was taken offshore to the north-east of Kinnaird Head, at a distance of 
103 miles, after 868 days. 

In March 1915, a female, which measured 35-468 cm., and was “ spawping,” 
was recovered, after 1001 days, off Banff, at 109 miles distant. 

In March 1916, a male, of 29:5-38:4 em. and “immature,” was taken, after 
1377 days, in the Moray Firth, off Sarclet, Caithness, at a distance of 146 miles. 

Particulars of all the marked fish recaptured from this experiment are set forth 
in the following table :— 


Nolot Aggregate Average 


Quadrant. Sex. ie Distance Distance Mean 
; Fish. (miles). (miles). Direction. 
N. and E. Adult Males. 4 414 103 N.15° EB: 
Adult Females. 3 215 72 N. 25° E. 
Immature Females. 3 128 42 Ni So: Eee 
ia 10 eon 76 N. 16° E. 
N. and W. Adult Males. 6 156 26 N. 59° W. 
Immature Males. Y 47 23 N. 39° W. 
Adult Females. 3 93 31 N. 38° W. 
Immature Females. 5 145 29 N. 69° W. 
16 44] 28 N. 56° W.: 
S.andE. | Adult Males. 1 139 139 SSPrEy 
Adult Females. 1 120 120 S: [3°h: 
Immature Females. Pe io 36 Sei3— be 
4 332 83 Silo ad Des 
S.andW. | Adult Males. 1 18 18 8. 75° W. 
Adult Females. 3 82 BAT S. 67° W. 
Immature Females. 11 2944 22 S. 55° W. 
? Sex. 1 17 ily S. 84° W. 
16 361 23 S. 61° W. 
E Adult Females. 1 5 5 K 
exe Th 190 190 EK 
2 195 97 E 
W. Immature Males. I 15 15 W. 
Adult Females. 1 30 30 W. 
Immature Females. 2 44 22 W. 
4 89 22 W 
N. Adult Males. 1 29 29 N 
SUMMARY. 
N. and E. | 10 757 | 76 IN. 16° E: 
N. and W 16 441 28 N. 56° W. 
S. and BE. tet 332 83 S.13° 8 
S. and W 16 361 23 S. 61° W 
E. 2 195 97 E 
W. 4 89 22 W 
N. | 1 29 29 N 
53 ae 


Distances travelled—10 miles and under.—Four fish, or 7-5 per cent., travelled 
journeys of from 34 to 9 miles, namely, 1 male and 3females. The male and | of 
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the females moved to the north and west, another of the females to the north 
and east, and the remaining female to the east. 

10 to 20 miles.—Twelve fish, or 22°6 per cent., migrated distances of from 12 
to 18 miles, namely, 3 males (18°7 per cent.), with an average of 15:5 miles, and 
8 females (22°8 per cent.), with an average of 14-4 miles. One of the males and 
1 of the females went directly west, 1 male and 2 females north and west, | male 
and 4 females south and west, and 1 female south and east; 1 of unknown sex 
was got 17 miles to the westward. 

Under 20 miles.—Thus, under 20 miles, 16 fish, or 30-2 per cent., were recaptured ; 
4 males (25 per cent.), with an average of 13:9 miles, and 11 females (31-4 per cent.), 
with an average distance of 11:5 miles. 

20 to 50 miles.—T wenty-seven fish, or 51 per cent., migrated distances of from 
21 to 47 miles, namely, 9 males (56-2 per cent.), with an average of 31°6 miles, and 
18 females (51°4 per cent.), with an average of 30°5 miles. One of the males went 
directly north and 2 of the females directly west ; 6 males and 4 females went 
north and west; 2 males and 2 females to the north and east ; and 10 females 
to the south and west. 

50 to 100 miles.—Three fish, or 5°7 per cent., were found at distances between 
50 and 100 miles. They were all females (8°6 per cent.), with an average of 58°6 
miles. One was taken to the north and east, off Aberdeen ; another westwards 
in the Firth of Forth ; and the third to the south and east. 

Over 100 miles.—Seven fish, or 13°2 per cent., migrated distances of from 103 
to 194 miles, namely, 3 males (18°75 per cent.), with an average of 159-8 miles, 
and 3 females (8°6 per cent.), with an average of 111 miles. Two of the males were 
taken to the north and 1 to the south and east, and 2 of the females were also 
found to the north and | to the south and east. One whose sex was not determined 
was recovered near the Great Fisher Bank, 190 miles to the eastward. 


MATURITY. 


Males.—The condition of the testes was ascertained in 14 of the 16 males 
recaptured. 

Two were ‘‘spawning,” both taken to the north and east, 1, of 34-37:2 em., 
in February 1913, after 260 days, off Aberdeen, at a distance of 37 miles, and the 
other, in December 1912, after 196 days, off Sule Skerry, on the north coast of 
Scotland, at a distance of 194 miles. 

One male is described as “spent.” It measured 35°5-37°3 em., and was 
recaptured in May 1913, after 350 days, off Montrose, at a distance of 31 miles. 

A male, of 32°5-39°2 cm., was taken in the Firth of Forth, off Pittenweem, at 
a distance of 46 miles, in October 1913, and was “ fully half ripe.” 

Among the males with ‘“‘ immature ” testes, 2 were got within the limits of the 
spawning season, | in February 1914, after 616 days, 29 miles to the north, 31- 
40°3 em. in length ; the other, of 29°5-38°4 cm., was taken in March 1916, after 
1377 days, off Sarclet, m the Moray Firth, at a distance of 146 miles. : 

Among the males under adult size on recapture, 1, measuring 33-32°5 cm., 
taken in June 1912, on the next day after liberation, at a distance described as 
21 miles north and west, was said to be “ spent.” 

Females.—The condition of the ovaries was recorded in 30 of the 36 recaptured 
females. 

One was “spawning”; it measured 35-46°8 cm., and was caught in March 
1915, after 1001 days, off Banff, im the Moray Firth, at a distance of 109 miles. 

One was described as “spent”? ; it measured 42-45°3 cm., and was recovered 
in April 1913, after 296 days, 5 miles to the eastward. Another, of 41-5-41°6 em., 
caught in February 1913, after 259 days, 31 miles to the north and west, was 
described as “apparently spent.” 

A female, of 39-49 cm., caught in October 1914, after 868 days, north-east of 
Rattray Point, at a distance of 103 miles, was “about three-quarters ripe ” ; and 
another, also taken in October 1914, after 863 days, 24 miles to the west and south, 
was “‘ half-ripe.” 

Among the females under adult size on recapture, whose ovaries were “im- 
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mature,” 2 were taken within the limits of the spawning season; 1, measuring 

33°5-38°5 em., was caught in March 1914, 30 miles to the westward ; the other, 

measuring 38-40°8 cm., was recaptured near Aberdeen, in February 1913, at a 

distance of 47 miles. 
EXPERIMENT IV. 


12th June 1913. 


In this experiment, 119 plaice were marked and liberated, consisting of 36 
males, 82 females, and 1 whose sex was not ascertained. The sizes of the males 
varied from 27 to 45 em., and 11 were under adult size (33 em.). Of the females, 
the sizes were from 24:5 to 56°5 em., and 25 were under adult size (38 cm.). The 
numbers liberated and recaptured, arranged in 5-cm. groups, are shown in the 
following table :— 


em. em. cm. cm. em. cm. em. 
25-30°5 31-35-5 36-40°5 41-45°5 46-50°5 51-55-5 56-60°5 Total. 
F. Lib. : : oy 6 30 24 9 3 1 82 
F..Recap. . : 2 2 13 13 5 2 1 38 
M. Lib. Z 9 15 5 — — — 36 
M. Recap. 4 3 it 2 — — — 16 
? Lib. : ; 1 — — — = — — 1 
? Recap. . eta = _— — a 0 


* One at 24°5 cm. 


The fish were caught at the place where they were liberated, viz. 40 miles east 
of the Isle of May. 

The number recaptured was 54, or 45°4 per cent., viz. 16 males (44-4 per cent.) 
and 38 females (46°3 per cent.). Thirteen of the males were over adult size on 
recapture, ranging from 36°5-44-7 cm., with an average of 39°9 cm., compared 
vith a range of 30-42°5 cm., and an average of 37:3 cm. on liberation ; they were 
at liberty for from 53 to 993 days, the mean being 335 days ; they migrated distances 
of from 103 to 149 miles, the mean being 64°5 miles, and the average rate of move- 
ment 1-9 miles per 10 days. Three of the males were under adult size, the average 
being 28°8 cm., compared with 28°3 cm. on hberation ; they were free for a mean 
period of 76 days, and travelled an average distance of 23:5 miles, at a mean rate 
of 3:1 miles. Thirty-four of the females were of adult size on recapture, the average 
being 44°9 cm., and the range from 38°8 to 55:3 cm., compared with an average of 
42°6 cm., and a range of 29 to 56°5 cm. on liberation; the periods of freedom 
varied from 29 to 989 days, the mean bemg 290 days; the distances travelled 
varied from 11 to 141 miles, the average being 36°5 miles, and the mean rate 1°35 
miles. Four were under adult size, the mean being 33°9 cm., as compared with 
32°7 cm. on liberation ; they were at liberty for an average of 147 days, and 
travelled a mean distance of 32°2 miles, at an average rate of 2°2 miles. 


Tuer ExtTENT AND DIRECTION OF MIGRATION. 


First Quarter —None of the fish was recovered in June. In July, 6 were taken, 
1 male and 5 females. The male was caught off St. Abb’s Head, after 29 days, a 
distance of 26 miles to the south and west. A female, of 34-34 cm., was taken 
5 miles to the south and west, after 30 days; another, of 42°5-42'5 cm., was caught 
19 miles to the south and east, after 34 days ; a third, of 56°5-55:3 cm., was taken, 
after 44 days, 21 mile3’ to the north and east; a fourth, of 53-52-7 em., and 
described as “spent,” was caught, after 29 days, in the same locality, a little farther 
to the west, at a distance of 21 miles; the fifth female, of 39°5-38°8 cm., was 
recaptured, after 43 days, south-east of Aberdeen, at a distance of 36 miles. 

Hight were recaptured in August, 3 males and 5 females. All the males were 
taken to the south and west ; 1, of 42°5-42 cm., after 53 days, 104 miles distant : 
another, of 30-5-30 cm.. after 72 days, 17 miles in the same direction, to the north- 
east of St. Abb’s Head ; the third, measuring 57-38:2 cm., after 68 days, to the 
east of the Isle of May, at a distance of 24 miles. One of the females, of 51-50°9 
em., and described as “‘spent,’” was taken, after 70 days, 23 miles to the south- 
west, north-east of Longstone Light; the other 4 females went to the northwards : 
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1, of 36°5-37°3 cm., was found, after 57 days, 64 miles to the north ; 1, of 445-44 
cm., was taken, after 74 days, 30 miles distant, south and east of Aberdeen ; after 
79 days, another, measuring 42°5-41 cm., and described as “immature,” was got 
near the same place, at a distance of 33 miles ; and the remaining one, of 44-44 cm., 
was recaptured, after 65 days, farther offshore, at a distance of 31 miles. 

In this quarter, therefore, 14 of the marked plaice, or 25-9 per cent. of the tota’, 
were recovered, 6 (42°8 per cent.) to the north and east (mean direction, N. 26°H.) ; 
6 went to the south and west (mean direction, 8. 39° W.); 1 was found to the north 
and west ; and 1 to the south and east. 

Second Quarter.—Three females and a male were taken in September 1913, the 
male, of 40-40 cm., after 83 days, south-east of Tod Head, at a distance of 24 miles 
to the north and west. One of the females, masuring 38°5-39°9 cm., was recaptured 
after 103 days, at a distance of 11 miles to the west and south ; another, of 38-39°3 
em., was taken, after 95 days, to the east of the Isle of May, at a distance of 24 miles 
from the station ; another female, of 41:5-41-3 cm., was recaptured, after 107 days, 
offshore, 35 miles to the north and east. 

In October, 4 were recaptured, 1 male and 3 females. The male, of 27:5-29°7 
cm., was taken, after 127 days, close to the Bell Rock, at a distance of 27 miles to 
the north and west; 1 of the females, measuring 41-40°5 cm., was got, after 113 
days, east of the Isle of May, at a distance of 23 miles to the south and west ; another, 
of 37-40-7 cm., was caught, after 137 days, 30 miles to the eastwards, in the off shore 
waters; the remaining female, which measured 42:5 cm. on liberation, was caught, 
after 120 days, in the Firth of Forth, off Portobello, at a distance of 62 miles. 

None was taken in November. 

In the second quarter, then, 8 fishes, or 14:8 per cent., were recovered, 4 
(50 per cent.) to the south and west, 2 to the north and west, and | each to the north 
and east and south and east. 

Third Quarter.—A male and a female were taken in January 1914; the male, 
which measured 45-44:7 cm., was “ spawning,” and was recovered, alter 226 days, 
in the Moray Firth, off Banfi, at a distance of 108 miles; the female, of 46°5-48°5 
cm., was “ spent,” and was recaptured, after 228 days, offshore, to the south-east of 
Aberdeen, at a distance of 37 miles. A male was taken in February, after 261 days, 
in the Moray Firth, off Brora, at a distance of 149 miles ; it measured 40-41-2 cm., 
and was ‘‘ spawning.” 

Thus, in this quarter, only three fishes, or 5-5 per cent., were recovered, all to 
the north and east. 

Fourth Quarter.—Three males and 3 females were got in March 1914. One of 
the males, which measured 39°5-40°8 cm., was taken, after 262 days, 20 miles north- 
east of Scarborough, at a distance of 121 miles to the south and east ; the condition 
of its testes was not recorded; another male, which measured 36-38°3 cm., and 
was ‘“‘ spawning,” was caught, alter 277 days, south-east of Aberdeen, at a distance 
of 31 miles ; the third male, of 40-40 cm., was found 11 miles E. ? 8. of Clyth Ness, 
in the Moray Firth, at a distance of 133 miles,atter 275 days; the condition of the 
testes was not ascertained. One of the females, which measured 43°5—-44°6 em. 
and was “ spawning,” was recaptured, after 268 days, 4 miles H.S.E. of Ord Head, 
in the Moray Firth, at a distance of 141 miles ; another, of 41:5-45-9 cm., and 
“ spawning,” was taken, after 267 days, south-east of the Bell Rock, at a distance of 
24 miles; the remaining female, which was 40°5-41°6 cm., was taken offshore, to 
the east of St. Abb’s Head, after 277 days, at a distance of 16 miles ; the condition 
of the ovaries was not recorded. 

In April, 3 females and 1 male were recaptured. The male, of 31°5-36°5 
em., and “immature,” was caught near the Bell Rock, at a distance of 33 miles, 
after 307 days. One of the females, which measured 45-5-48°6 cm., and was de- 
scribed as “immature,” was taken 11 miles to the west and north, after 313 days ; 
the other 2 females were taken off the coast of Aberdeen, 1, of 39-41°8 cm., and 
“spent,” near Buchanness, at a distance of 62 miles, after 306 days, and the other, 
also ‘‘ spent,” offshore to the south-east of Buchanness, at a distance of 68 miles. 
after 314 days. 

Four females were recaptured in May; one, measuring 48°5-50°9 cm., and 
“ spent,” after 344 days, 154 miles to the north and east ; another, of 39°5-41'5 em., 
and also “spent,” after 336 days, north of Aberdeen, at a distance of 54 miles ; 
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the third, of 41-43°5 cm., and “immature,” was caught, after 334 days, near 
Buchanness, at a distance of 64 miles; and the fourth, which measured 40°5-44:1 
em., and was also “immature,” after 349 days, offshore, east of St. Abb’s Head, at 
a distance of 25 miles to the south and east. 

In this quarter, 14 fish, or 25-9 per cent., were got, 7 (50 per ae) to the 
north and east, 4 (28-6 per cent.) to the north and west, and 3 (21:4 per cent.) 
to the south and east. 

In the 12 months after liberation, 39 or 72:2 per cent., were recovered, 
17 (43°6 per cent.) to the north and east, 10 (25:6 per cent) to the south and 
west, 7 (17-9 per cent.) to the north and west, and 5 (12°8 per cent.) to the 
south and east. 

These particulars are set forth in the following table :— 


a=) 
a 
} Directi Fe a= eo Mean Average me Bane 
Quarter. irection. | + 2 BE Dit Disetions eae 10 Days 
= © |Total. Gules) (miles). | Distance. | Rate. 
J. June 1913. | N. and E. 6 42°8 | N. 26° E. 26 46 6°5-36 1:14-8°7 
July 1913. | N. and W. 1 YL) WHALE Vii 21°5 7:4 che ve 
Aug. 1913. |S. and E. 1 TAS: 53°°H: 19°5 5°74 AN bie 
S. and W. 6 42°8 | 8. 39° W. 17°6 3°6 5-26 |1:6-8-97 
14 25°9 is 
Il. Sept. 1913. | N. and E. 1 12°5 | N. 75° E 35 227 ae: ec 
Oct. 1913. | N. and W 2 25 N. 35° W. 25 25 24-27°5 |2°16-2°89 
Nov. 1913. |S. aad E. 1 125/88. 77° BH: 30°5 2°2 Ms ue 
S. and W. 4 50 8. 81° W. 30-1 27 11-62°5  |1:07-5:2 
8 | 14:8 ) 
Ill. Dec. 1913. | N. and E. 3 100° | N. 19° E. 99° 4:03 |37°5-149°5|1-6-5°72 
Jan. 1914. | N. and W. Nil. 
Feb. 1914. |S. and E. Nil. 
S. and W. Nil. 
3 5°5 
IV. Mar. 1914. | N. and E. 7 50° | N. 12° E. 79°2 2:7 31-141°5 |1-1-5:28 
April 1914. | N. and W. 4 28°6 | N. 60° W. 21° 69 11-33 °35-1:07 
May 1914. |S. and E. 3 21:4 | 8. 9° E. 54° 19 16-121 ‘58-461 
S. and W. Nil. 
14 259 


SUMMARY. N. and E. 17 43°6 
N. and W. U/ 179 
S. and E. 5 12°8 
S. and W. 10 25°6 


39 72-2 


Of the rest of the plaice recaptured, 9 were taken in the remainder of 1914, 4 in 
1915, and 2 in 1916. 

In June 1914, 4 females and 1 male were caught, the male, of 36°5-39°8 cm., and 
“ spawning” (“ partly spent”), after 354 days, 18 miles to the north and west ; 
1 female, measuring 48-50°7 cm., and “ spent,” was taken, after 355 days, 14 miles 
in the same direction, and on the same day, another female, of 46°5-51:6 cm., and 
described as “immature,” was got off Aberdeen, at a distance of 43 miles; after 
359 days, another lana. of 42-5-46-1 cm., and “immature,” was taken offshore, 
to the south-east of Aberdeen, at a distance of 45 miles; the remaining female, 
which measured 27-5-30°3 cm., was recaptured within the Firth of Forth, off Leven, 
at a distance of 55 miles to the westwards. 

A female, of 39:5-43°3 cm., was taken in July, after 400 days, offshore, to the 
south-east of Buchanness, at 53 miles distant. 
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In August, after 429 days, another female, of 33-5-42 cm., was taken in Aberdeen 
Bay, at the distance of 52 miles. 

In November, after 530 days, a female, of 50-53-7 cm., and “ fully half-ripe,”’ 
was caught, near Buchanness, 59 miles away. [ 

In December, a female was taken, after 545 days, south-east of Aberdeen, at a 
distance of 30 miles ; it measured 40-48-2 cm., and was “ nearly ripe.” 

In January 1915, after 587 days, a male, of 35-5-40°3 cm., and “ripe,” was caught 
north-east of Longstone Light, at a distance of 25 miles to the south and west. 

Another male, of 31-5-37°3 cm., and “immature,” was taken in February, after 
618 days, offshore, to the south-east of Aberdeen, at a distance of 26 miles. 

In May, after 702 days, a female, measuring 29-38°8 cm., and “ immature,”’ was 
recovered north-east of the Bell Rock, 24 miles away to the north and west. 

In November, after 876 days, a female, of 40-44:1 cm., and “about three- 
quarters ripe,” was taken, offshore, to the eastwards, at a distance of 25 miles. 

A female was recaptured in February 1916, after 989 days ; it measured 41 cm. 
on liberation, but the size on recapture, and the place where it was caught, were 
not recorded. 

The last fish of the experiment to be recovered was a male, of 30-40°4 em., and 
“ripe,” which was captured in March 1916, after 993 days, to the south of Clyth 
Ness, in the Moray Firth, at a distance of 135 miles. 

The following table shows the mean direction and distance, in each quadrant, 
for all the fish recaptured :— 


Aggregate | Average 
Quadrant. Sex. ee Distance Distance Nene 
; (miles). (miles). ipa ts 
N. and E. Adult Males. 6 582 97 N. 10° Rey 
Adult Females. 16 812 51 ING iieabe 
Immature Females. 1 6 6 N. 5° R. 
Pas 1400 61 ING 22258; 
N. and W. Adult Males. 3 1h5) 25 N. 42° W 
Immature Males. 1 27 Dili N. 63° W. 
Adult Females. 7 161 23 N. 42° 'W. 
Immature Females. 1 55 55 N. 1° W. 
12 318 26 N. 40° W 
S. and E. Adult Males. 1 121 121 Sue Geek 
Adult Females. 5 115 aS S. 48° E 
6 236 39 8. 41° E 
S. and W. Adult Males. 3 59 19 S. 45° W 
Immature Males. 2 43 21 8. 36° W 
Adult Females. 4 81 20 S. 62° W 
Immature Females. 2 67 33 S. 63° W 
ll 250 23 8. 53° W. 
N. Adult Females. 1 30 F030) N. 
SUMMARY. 
N. and E. 23 1400 61 N. 22°. 
N. and W. 12 318 26 N. 40° W. 
S. and KE. 6 236 39 S. 41° B. 
S. and W. 11 250 23 S. 53° W 
N il 30 30 
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Distances travelled—l10 miles and under.—Two females were recaptured at 5 
and 63 miles south and west and north and east respectively, 3°8 per cent. of the 
total fish recaptured, and 5:4 per cent. of the total females. 

10 to 20 miles.—Nine, or 16-9 per cent., were taken at distances of from 103 to 
194 miles, viz. 3 males (18°7 per cent.), with an average of 15:2 miles, and 6 
females (16°2 per cent), with an average of 14°5 miles; 2 of the males and 1 of 
the females were found to the south and west, the other male and 3 of the 
females being taken to the north and west, and 2 females to the south and east. 

Under 20 miles.—Thus, 11 fish, or 20-7 per cent., were recovered at distances 
under 20 miles from the place of liberation, 3 males (18°7 per cent.), with an 
average of 15:2 miles, and 8 females (21:6 per cent.), with an average of 12°3 
miles. 

20 to 50 miles.—Twenty-seven of the fish, or 50°9 per cent., were recaptured at 
distances of from 213 to 45 miles, viz. 8 males (50 per cent.), with a mean of 
27-1 miles, and 19 females (51°3 per cent.), with an average of 29°7 miles. Three 
of the males and 3 of the females were found to the north and west, 2 males and 
9 females to the north and east, 3 males and 3 females to the south and west, 
while 1 female was caught directly northwards. 

50 to 100 males.—Nine, or 16°9 per cent., were recaptured at distances of from 
52 to 68 miles, the average being 58°9 miles ; they were all females (24°3 per cent.), 
and 6 were caught to the north and east, 2 to the westwards, within the Firth of 
Forth, and | to the north and west. 

Over 100 miles.—Six, or 11°3 Wee cent., were recovered at distances of from 108 
to 149 miles ; 5 were males (31°5 per cent.), with an average of 129°3 miles, and 
1 (2:7 per cent.) was a female, which migrated 141 miles to the Moray Firth. 
Four of the.males were taken in the Moray Firth, and 1, 20 miles north-east of 
Scarborough, 12! miles south and east. 


MATURITY. 


Males.—The condition of the testes was recorded in 13 of the 16 males 
recaptured. 

Four were “spawning,” one, of 36°5-39°8 cm., taken in June 1914, east of the 
Bell Rock, at a distance of 18 miles to the north and west ; another, of 36-38°3 em., 
was caught i in March 1914, south-east of Aberdeen, at a distance of 31 miles ; the 
third, which measured 4544-7 em., was recaptured in January 1914, off Banff, in 
the Moray Firth, at a distance of 108 miles ; the fourth, of 40-412 cm., was also 
taken in the Moray Firth, in February 1914, off Brora, at a distance of 149 miles. 

Two were described as “ripe”; 1, measuring 355-403 cm., was taken in 
January 1915, to the northward of Longstone Light, at a distance of 25 miles to 
the south and west; the other, of 30-40°4 em., was caught in March 1916, in the 
Moray Firth, off Clyth Ness, at a distance of 135 miles. 

Among those whose reproductive organs were described as “immature,” 1, 
measuring 31°5-37°3 cm., was caught in Februarv 1915, to the south-east of Aber- 
deen, ata distance of 26 miles ; another, of 31°5-36'°5 em., was taken in April 1914, 
33 miles to the north and west, near the Bell Rock. 

Females—The condition of the ovaries in 29 of the 38 recaptured was 
recorded. 

Two were “spawning”; one, measuring 41°5-45°9 cm., was got in March 
1914, to the westwards, at a distance of 24 miles, near the Bell Rock ; the other, 
of 43-5446 cm., was taken in March 1914 also, in the Moray Firth, off Ord Head, 
ata distance of 141 miles. 

One, measuring 42°5-41 cm., caught on 30th August 1913, by an English 
trawler, south-east of Aberdeen, at a distance of 33 miles north and east from the 
station, was landed at Hartlepool, and is described as “‘ mature.” 

One, of 40-48°2 cm., was taken in December 1914, south-east of Aberdeen, at 
a distance of 30 miles north of the station, and was “ nearly ripe.” 

Hight were described as “spent ” ; one, of 46°5-48°5 cm., was taken in January 
1914, Eiishore. to the east and south of Aberdeen, at a distance of 37 miles ; ;an- 
other, of 48°5-50°9 cm., was recaptured in May 1914, 153 miles to the north and 
west ; a third, of 39-5415 cm., was recovered also in May 1914, south of Buchanan- 
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ness, at a distance of 54 miles ; a fourth, of 51-50°9 em., was taken in August 1913, 
east of St. Abb’s Head, at 23 miles distant to the south and west; the fifth, of 39- 
41-8 cm., was recaptured in April 1914, near Buchananess, at a distance of 62 miles ; 
the sixth, measuring 48-50°7 cm., was caught in June 1914, 14 miles to the north 
and west ; the seventh, of 40-43°4 cm., was taken in Apmil 1914, offshore, south- 
east of Buchanness, at 68 miles distant, and the last, measuring 53-52°7 em., was 
caught in July 1913, 21 miles to the northwards. 

A female, measuring 40-44-1 cm., was taken in November 1915, offshore, 25 
miles to the eastwards, and was ‘“‘ about three-quarters ripe’; and 1, of 50-53°7 
cm., taken in November 1914, near Buchanness, at a distance of 59 miles, was 
** fully half ripe.” 

Among the females whose ovaries were “‘ immature,” 1 was recovered in April 
1914, 11 miles to the north and west ; it measured 45:°5-48°6 cm. The others were 
taken mostly in the summer months. 
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EXPERIMENTs AT 50 Mines East or Iste oF May. 


At this station, which lies approximately at 56° 24’ North Latitude and 1° 6’ 
West Longitude, with a depth of about 36 fathoms, marked plaice were liberated 
on two occasions, in July and in September 1912. The following table shows the 
particulars of these experiments :— 


No. of Fish. 

i tens é ears feeg. et ess Percentages 

No. of Date. Marked. Recaptured. Recaptured. 
Experiment, eee Sts, : _ ie 
&.| 9 | ().|Total.| ¢ | 2 | (2) |Total.) ¢ (oo Te @)aisiarer 
IIe 6 July 1912. | 47 | 58) 2 NOG 32) |"895 lara. 71 =| 68-1 67°2 AAG 66.3 

U1. | 21Sept.1912.} 37 | 61| 2 | 100 | 12| 24)... | 36 |s2-4]39-3 ... | 36 
Total. | 84 |119| 4 207 | 44 | 638 | soe |) LO 5224522 OR aes 51°7 
| 


EXPERIMENT I. 
6th July 1912. 


In this experiment, 107 marked plaice were liberated, viz. 47 males, 58 females, 
and 2 whose sexes were not ascertained. The sizes of the males ranged from 28 to 
45 em., and 17 were under the adult size. The sizes of the females varied from 
29 to 61 cm., and 43 were under the adult size. The numbers liberated and 
recaptured, arranged in 5-cm. groups, are shown in the following tables :— 


cm. cm. cm. cm. em. cm. ecm. 
95-30:5 31-35°5 36-40°5 41-45:5 46-50°5 51—55-5 61-65-5 Total. 
F. Lib. 2 ; 9 28 15 2 1 2 1 58 
F. Recap. 7 18 10 2 1 1 — 39 
M. Lib. 6 25 13 3 — — — 47 
M. Recap. 3 18 10 1 —- — — 32 
2 Lib. . ; Und rae 1 1 os — — = 2 
% Recap. : : — — — — — = 2 = 


The fish used were recaptured in Kirkcaldy Bay, Firth of Forth, and marked 
between 2 and 3 p.m. on the 5th July, and were set free at 5.40 a.m. on the 6th ; 
only one died in the tanks, in the interval. 

The number recaptured was 71, or 66°3 per cent., viz. 32 males, or 68:1 per 
cent., and 39 females, or 67-2 per cent. 

Twenty-eight of the males, when recaptured, were of adult size, the average 
being 37°5 cm., and the range from 33-2 to 42 cm., as compared with a mean of 
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34:9 cm., and a range of 30 to 40 em., on liberation. The periods of liberty varied 
from 24 to 794 days, the mean being 285 days. The distances migrated were from 
63 to 247 miles, the average being 65:7 miles, and the mean rate of movement, per 
10 days, 2°3 miles. 

Four of the males were under the adult size on recapture, the average being 
31-9 cm., as compared with 32-1 em. on liberation. The mean period of freedom 
was 31 days, and the average distance migrated 28:7 miles. the mean rate being 
9-1 miles per 10 days. 

Twenty of the females were of adult size on recapture, the average being 42°6 cm., 
and the :ange from 38°3 to 50°6 em., as compared with an average of 37:5 em., and 
a tange of 29°5 em. to 47°5 em. on liberation. The periods of freedom were from 
63 to 1011 days, the mean being 431 days. The distances moved were from 143 to 
131 miles, the average being 40°1 miles, and the mean rate *9 mile. 

Nineteen of the females were under the adult size when recaptured, namely, 
from 29°5 to 37°7 cm., averaging 33°7 cm., as compared with a range of 29 cm. to 
37°5 cm., and a mean size of 32:1 cm. on liberation. They were at liberty for from 
17 to 591 days, the average being 195 days, and the distances travelled varied from 
19 to 57 miles, the average being 34:1 miles, and the mean rate, per 10 days, 1-9 
miles. : 


Tue ExTENT AND DIRECTION OF MIGRATION. 


First Quarter.—Three males and 3 females were recaptured in July, all to the 
south and west, mostly towards the mouth of the Firth of Forth, and the coast 
south of it. One of the males, measuring 33-32°6 cm., was taken, after 9 days, 
east of St. Abb’s Head, at a distance of 193 miles ; another, of 32°5-31-°6 cm., was 
got, after 17 days, 15 miles distant ; a third, measuring 37:°5-37:1 cm., was re- 
covered, after 24 days, north of St. Abb’s Head, at a distance of 38} miles. Of the 
females, one, of 34°5-33'1 cm., was taken, after 18 days, 20} miles distant ; 
another, of 29-29°5 cm., after 24 days, east of the Isle of May, at a distance of 34 
miles ; and the third, which measured 31°5-30°7 cm., after 17 days, nearly east of 
Longstone Light, at a distance of 26} miles. The mean rates of movement of 
these fish were from 88 to 21:6 miles per 10 days. 

A male and 2 females were recaptured in August ; the male, of 31-32°2 cm., 
after 39 days, off the mouth of the Firth, at a distance of 394 miles to the south 
and west ; one of the females, of 31-312 cm., after 39 days, in the same locality, 
at a distance of 36 miles; and the other female, measuring 31°5-32 cm., after 
44 days, a little to the east of the Isle of May, at a distance of 42 miles to the west. 

Six were recaptured in September, 3 males and 3 females. One of the males, 
of 33-34:2 cm., had migrated 10 miles directly west in 78 days ; another, of 32-31°5 
cm., was found off Fife Ness, at a distance of 41 miles, after 61 days; the third 
male, of 37-37 cm., was taken, after 69 days, to the south east of Tod Head, at a 
distance of 26 miles to the north and west; one of the females, of 44-43 cm., was 
got, after 63 days, to the north-east of Longstone Light, at a distance of 32 miles 
to the south and west ; another, of 30°5-31 cm., was caught, after 76 days, 224 miles 
to the south and west, towards the Firth of Forth ; the remaining female, of 35- 
35°5 cm., was recaptured, after 71 days, far offshore, to the south-east of Buchan- 
ness, at a distance of 57 miles to the north and east. 

In the first quarter, therefore, 15 of the marked plaice, or 21:1 per cent., were 
taken, 10 (66°7 per cent.) to the south and west ; 2 (13°3 per cent.) to the north 
and west ; 2 to the west, and 1 to the north and east. 

Second Quarter—Three males and 1 female were recaptured in October, the 
female, of 32°5-33°6 cm., after 91 days, 19 miles to the north and west ; 1 of the 
males, measuring 35-34°7 cm., was taken, after 94 days, 11 miles to the south and 
west; another, of 34°5-36°4 cm., was recaptured, after 107 days, off the Moray 
Firth, to the south-east of Noss Head, at a distance of 126 miles ; the remaining 
male, which was 45 cm. on liberation, but whose size on recapture was not recorded, 
was taken, after 114 days, to the south-east of Longstone Light, at a distance of 
71 miles to the south and east. 

Three females and 2 males were taken in November, all described as “ im- 
mature.” One of the males, of 36°5-36°7 cm., was caught, after 137 days, north- 
east of Longstone Light, at a distance of 26 miles to the south and west ; the 
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other, of 31°5-33'4 cm., was taken north-east of St. Abb’s Head, at a distance of 
24 miles to the south and west, after 135 days. One of the females, of 33-34°8 em.., 
was recaptured, after 146 days, to the north-east of St. Abb’s Head, at a distance 
of 31 miles to the south and west ; another, of 40°5-42°8 cm., was caught, after 
125 days, south-east of Aberdeen, ata distance of 32 miles to the north and east ; 
the remaining female, measuring 37°5-37°6 cm., was caught at Tod Head, at a 
distance of 44 miles, after 140 days. 

Three males and 3 females were recaptured in December 1912; one of the 
males, which measured 36°5-38°2 cm. and was “ three-quarters ripe,” was taken, 
after 159 days, 64 miles to the south and west ; another, of 37°5-39 cm., was caught, 
alter 165 days, 15 miles to the south and west; and the third, of 37°5-37°6 em., 
and “spawning” (“partly spent”), was recaptured, after 162 days, south-east 
of Aberdeen, at a distance of 38 miles to the north. The position of recapture 
of one of the females was not ascertained ; one of the others, measuring 39°5- 
41:2 cm., and “‘ immature,” was taken, after 158 days, 164 miles to the north- 
west ; and the other, of 39-40 cm., was caught, after 157 days, east of St. Abb’s 
Head, at a distance of 22 miles to the south and west. 

Thus, 15 plaice, or 21:1 per cent., were recaptured in this quarter, the position 
of capture being recorded for'14 ; of these, 7 (50 per cent.) were found to the south 
and west, 3 (21°4 per cent.) to the north and west, 2 to the north and east, and 
1 each to the south and east, and to the north. 

Third Quarter.—Four males and 3 females were recaptured in February 1913. 
Four were got in the same locality, at Aberdeen Bank, viz. 3 males and a female. 
The males measured respectively 35°5-38'1 cm., 38-39'1 cm., and 39°5-41°4 em. ; 
the first and the third were ‘“‘ spawning,” and the second “ripe” ; they were taken, 
the first and second, after 223 days, at a distance of 37 miles, and the third, after 
235 days, at a distance of 354 miles to the northwards. The female, which measured 
41-41-:9 ecm., and was “spawning,” was taken, after 230 days, at a distance of 
35 miles. The remaining male, measuring 34-35°9 cm., was recaptured, after 
213 days, in the Moray Firth, off Banff, at a “distance of 110 miles, and was “ ripe.” 
The other 2 females were recaptured in the Firth of Forth ; 1, measuring 33-363 
cm., after 237 days, off Pittenweem, at a distance of 55 ales to the westwards ; 
the other, of 38°5-39°2 cm., farther to the west, off Buckhaven, at a distance of 
65 miles, after 231 days ; both were “ immature,” 

Three females were recaptured in March ; 1, of 32-33:7 cm., and “immature,” 
after 251 days, at Aberdeen Bank, at a distance of 38 miles to the north and west ; 
another, of 30°5-33°8 em., after 262 days, near Pittenweem, in the Firth of Forth, 
at a distance of 56 miles to the westwards ; and the third, of 52 cm., when set 
free, but of unrecorded size on recovery, after 257 days, in the Moray Firth, 18 
miles H.S.E. from Noss Head, at a distance of 131 miles. 

In the third quarter, then, 10 of the marked plaice, or 14°1 per cent., were taken, 
7 (70 per cent.) to the north and west, and 3 to the north and east. 

Fourth Quarter —A male and a female were recaptured in April, the male, of 
30-33'2 cm., and “immature,” after 277 days, in the Firth of Forth, 1 mile off 
Pittenweem, 56 miles to the westwards, and the female, of 30°5-32°2 cm., and also 
“immature,” after 269 days, 25 miles to the north and west. 

Four males and 2 females were taken in May ; the 2 females, both “immature,” 
were recaptured in the same locality north-east of the Bell Rock, after 311 and 313 
days, 1 measuring 34-39 cm., and the other 29-30°4 cm., and the distances migrated 
were 22 and 20 miles to the north and west ; one of the males, of 40-40 em., and 
“spent,” was caught, after 302 days, at a distance of 153 miles to the south and 
west ; another, of 32°5-36:2 cm., was taken, after 326 days, 19 miles to the north 
and west ; another, of 33°5-36 cm., after 314 days, far offshore, east of Buchan- 
ness, at a distance of 84 miles to the north and east, the condition of the testes 
not being stated ; the remaining male, which measured 33-35°9 cm., and was 

““spent,” was recaptured, after 301 days, off Rona Island, which lies in the Atlantic, 
north-west of Cape Wrath, at a distance of 247 miles from the place of liberation. 

Three females and a male, all “immature,” were caught in June. the male, 
of 34-37°8 em., after 335 days, near the Isle of May, 40 miles to the westwards ; 
one of the females, of 38-41 cim., after 352 days, north-east of Longstone Light, 
at a distance of 36 miles to the south and west ; another, of 34°5-38°3 cm., after 
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352 days, north and east of the Bell Rock, at 37 miles distant to the north and west : 
and the third, of 534°5-36°5 em., after 335 days, at a distance of 194 miles in the same 
direction. : 

In the fourth quarter, therefore, 12 of the marked plaice, or 16:9 per cent., 
were recaptured, 7 (58°3 per cent.) to the north and west ; 3 (25 per cent.) to the 
south and west, and 2 to the north and east. 

In the first 12 months after liberation, 52 fish, or 73:2 per cent., of all those 
recovered, were taken, the position of 51 being known ; of these, 20 (39-2 per cent.) 
went to the south and west ; 19 (37:2 per cent.) to the north and west ; 8 (15°7 per 
cent.) to the north and east ; 2 to the west, and 1 each to the south and east and 
to the north. 

Particulars for these 12 months are given in the following table :-— 


| 


a 
& Per Average Range. 
Quarter Dinsehion = = Cent. Mean feeds Rate per| : d 
ueEter Poeuensnos | tof” | Direction. (anil As 10 Days 
s © |Total 2 (miles.) | Distance. | Rate. 
1. July 1912. Peet | N. and E. 1 6°6 | N. 48° E. 57 8-02 = is 
Aug. 1912. | N. aaa W. 2 13:3) ||ENe 452 Walliee os 53 26°5-41 | 38-67 
Sept. 1912. |S. and E. | Nil. 
S. and W 10 66°7 | S. 62° W. 28 11°5 15-39°5| 2°9-21°6 
W. 2 13°3 W. 26 54 10-42 | 1°3-9°5 
15 21-1 
II. Oct. 1912. | N. and E 2 14:3 | N. 3° E 79 72 32°5-126°5| 2°6-11°8 
Nov. 1912. | N. and W 3 21°4 | N. 51° W 26 2°1 16.5-44 1-3'1 
Dec. 1912. | 8. and E 1 71 |S. 25° E 71 6°22 ao 5 
S. and W u 50° 8. 51° W. 19 1-4 6°5-31 *4-2°1 
N. 1 rial N. 38 2°3 ae a6 
14 IIS Pe 
This Jan. 1913. | N. and E. 3 30° | Ne 22H: 61 2°8 37-110 | 1-7-5:2 
Feb. 1913. | N. and W. 7 70° | N. 41° W. 59 2°4 35-131 | 1°5-5°1 
Mar. 1913. |S.and E. | Nil. 
S. and W. | Nil. 
10 14:1 
IV. April 1913. | N. and E. 2 166 | N. 26° E. 165 54 84-247°5| 2°7-8:2 
May 1913. |N.and W.; 7 58°3 | N. 49° W. 28 9 19-56 6-2 
June 1913. |S. and E. | Nil. 
S. and W. 3 25° |S. 39° W. 30°8 ‘9 155-405) -5-1°2 


SUMMARY. N. and E. 8 15°7 
N. and W.| 19 Sine: 

S. and E. 1 1:9 

S. and W. 20 39:2 

N. 1 1:9 

W. 2 3°9 

51 71°8 


Of the other marked fish, 6 were taken in the remainder of 1913. In July, a 
male and a female were recaptured, the male, of 34-38'7 cm., after 379 days, far 
ofishore, to the south-east of Aberdeen, at a distance of 224 miles, and the female, 
of 29-34:2 cm., after 373 days, to the east of the Isle of May, at a distance of 26 
miles. Two females were taken in August, 1, of 34°5-39-4 cm., after 400 days, 
22 miles to the north and west, and the other, of 32-37°6 cm., after 405 days, near 
the Bell Rock. at a distance of 40 miles. A male and a female were recaptured 
in September, the male, of 34°5-38 cm., after 449 days, far offshore, at a distance 
of 41 miles to the north and east, and the female, of 33°5-42°9 em., after 433 days, 
south-east of Aberdeen, at a distance of 24 miles to the north and west, 
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Eleven were recovered in 1914. A male, of 35:°5-42 cm., and of unknown 
maturity, was taken in January, after 568 days, off Flamborough Head, at a dis- 
tance of 148 miles to the south and east. Two males and a female were taken in 
February, the female at an unknown position ; one of the males, of 30:5-38 cm., and 
“‘ mature,” after 580 days, on the Whitby Ground, at a distance of 104 miles to the 
south and west, and the other, of 37-37°6 cm., and ‘“‘ spawning ” (“‘ almost spent ”’), 
after 592 days, in the opposite direction, viz. in Edrachilles Bay, on the west coast 
of Sutherland, at a distance of 236 miles. A male and a female were recaptured 
in March, the male, of 30-38°5 cm., the condition of whose testes was not recorded, 
after 619 days, near Clyth Ness, in the Moray Firth, at a distance of 130 miles, 
and the female, of 47:°5-49°5 cm., and “ spawning,” after 614 days, near the Bell 
Rock, at a distance of 36 miles to the north and west. In April, 2 females were 
taken, 1, of 38°5-45°8 cm., and “spent,” after 637 days, north-east of St. Abb’s 
Head, at a distance of 22 miles; the other, measuring 37°5-50-6 cm., and “ spent,” 
after 662 days, off Aberdeen, at a distance of 38°5 miles. Two females were taken 
in July, 1, measuring 34:°5-45-7 cm., and “spent,” after 741 days, north-east of 
the Bell Rock, at a distance of 33 miles to the north and west ; the other, which 
measured 31-41°8 cm., after 738 days, offshore, south-east of Aberdeen, at a distance 
of 144 miles. In September, after 794 days, a male, measuring 33-41°8 cm., was 
taken, north-east of Rattray Point, at a distance of 81 miles. 

Two were recaptured in 1915, 1, a female, in March, after 989 days, off Hartle- 
pool, at a distance of 103 miles to the south and west ; it measured 36:5-47°3 cm., 
and was “spawning.” In April, after 1011 days, another female, which measured 
29°5-38°8 cm., was captured north of the Bell Rock, at a distance of 38 miles to the 
north and west. 


| TaBLe 
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A summary of the mean distance and direction in each quadrant, travelled 
by all the marked plaice recaptured, is shown in the following table :— 


Aggregate Average 
Quadrant. Sex. pie Distance Distance Bracers 
: (miles). Galen): irection. 
N. and E. Adult Males. 11 1152°5 104°8 N. 18° E. 
Adult Females. 3} 85°5 28°5 ING G32 13}. 
Immature Females. 1 57° ie N. 48° E. 
15 1295 86°3 N. 19° E a 
N. and W. Adult Males. 4 W375 34° N. 31° W. 
Immature Males. 1 4] 41° N. 85° W. 
Adult Females. 11 460° 42° N. 48° W. 
Immature Females. 9 318° 35° N. 54° W. 
25 956 38° N. 49° W 
S. and E Adult Males. 2 219°5 109°7 S. 14° E 
S. and W. Adult Males. 9 281°5 31 S. 48° W. 
Immature Males. 3 74° 25: S. 62° W. 
Adult Females. 5 215°5 43° S. 22° W 
Immature Females. 7 196°5 28 S. 73° W 
24 7675 32° S. 51° W 
W. Adult Males. 1 10° 10° W. 
Immature Females. 1 42° 42° W. 
2 52 26° WwW 
N Adult Males. 1 38 38 N. 
SUMMARY 
N. and E 15 1295" 86°3 N. 19° 
N. and W 25 956° 38° N. 49° W 
S. and E 2 219°5 109°7 S. 14° E 
S. and W 24 767°5 32° 8. 51° W 
N. 1 38° 38° 
W. 2 §2° 26° W 
69 


Distances travelled—Under 10 miles—Two fish, or 2°9 per cent.. were taken, 
both males (6°2 per cent.), with an average distance of 8°3 miles. 

10 to 20 miles.—Ten fish, or 14:5 per cent., went distances of from 11 to 193 
miles. Six were males (18°7 per cent.), with an average of 15°8 miles, and 4 (10°8 
per cent.) were females, with a mean distance of 17-4 miles. Five of the males 
went to the south and west; the other male and 3 of the females moved to the 
north and west, the fourth female to the north and east. 

Under 20 miles.—Thus, under 20 miles, 12 fish, or 17:4 per cent., migrated 
journeys, 8 males (25 per cent.), with an average of 13-9 miles, and 4 females (10°8 
per cent.), with a mean distance of 17:4 miles. 

20 to 50 miles.—Forty fish, or 57-9 per cent., went from 20 to 50 miles, namely, 
13 males (40°6 per cent.), with an average of 34:4 miles, and 27 females (72:9 per 
cent.), with an average of 31 miles. Five males and 11 females were found to the 
south and west, 4 males and 2 females to the north and east, 3 males and 13 females 
to the north and west, 1 male directly north, and 1 female directly west, 
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50 to 100 miles.—Kight of the marked plaice, or 11:6 per cent., were recaptured 
at distances of from 553 to 84 miles, namely, 4 males (12°5 per cent.), with an 
average of 73 miles, and 4 females (10°8 per cent.), with an average of 58°5 miles. 
Two of the males and 1 of the females went north and east, 1 of the males and 3 
females north and west, the remaining male being found to the south and east. 

Over 100 miles.—Nine fish, or 13 per cent., were taken at distances of from 103 
to 247 miles, namely, 7 males (21:9 per cent.), with an average distance of 157:5 
miles, and 2 females (5:4 per cent.), with an average of 117 miles. Five of the males 
went to the north and east, 1 of the males to the south and east, the remaining male 
and 1 of the females to the south and west, and 1 of the females to the north and 
west. Two of the males and | of the females were got off the English coast, and the 
remainder in the Moray Firth, and the north coast of Scotland. 

It may be noted that four of the plaice had returned to the Firth of Forth. 


MaTurRITY. 


Males.—The condition of the testes in 24 of the 32 males recaptured was ascer- 
tained. . 

Four were “spawning,” and were taken as follows :—One, of 37:°5-37°6 cm., 
on the 15th December 1912, at Aberdeen Bank, at a distance of 38 miles to the north ; 
another, of 35°5-38'1 cm., in February 1913, in the same locality, at a distance of 37 
miles; the third, also in February 1913, at a distance of 35 miles, near the same 
place ; the fourth, in February 1914, in Edrachilles Bay, on the west coast of Scot- 
land, at a distance of 236 miles. 

Three were described as “ripe,” | taken in the Moray Firth, off Whitehills, in 
February 1913, at a distance of 110 miles ; another, in the same month, at Aberdeen 
Bank, at a distance of 37 miles; and the third, in February 1914, off Whitby, 
at a distance of 104 miles, to the south and west. One, said to be “ three-quarters 
ripe,’ and measuring 36°5-38°2 cm., was captured in December 1912, 63 miles to 
the south and west. 

Two were “spent,” both got in May 1913, one, 153 miles to the south and west. 
and the other, at Rona, north-west of Cape Wrath, at a distance of 247 miles. 

Of 10 males of adult size whose testes were “immature,” 1 was recaptured within 
the limits of the spawning season. It measured 30-33-2 cm., and was taken in 
April 1913, in the Firth of Forth, off Pittenweem, at a distance of 56 miles. 

Females.—Of the 39 fish recaptured, the condition of the ovaries was ascertained 
in 34. Three were “spawning,” 1, of 41-41:9 em., got in February 1913, at Aber- 
deen Bank; another, of 47:°5-49°5 em., in March 1914, near the Bell Rock, at a 
distance of 36 miles to the north and west ; the third was caught in March 1915, off 
Hartlepool, at a distance of 103 miles to the south and west. | 

Four females were described as “spent.”? Two were taken in April 1914; 1, 
measuring 38°5-45°8 cm., to the east of St. Abb’s Head, at a distance of 22 miles to 
the south and west ; the other, which measured 37:5-50°6 cm., at Aberdeen Bank, 
at a distance of 38 miles to the north and east ; 1, caught in April 1915, after 1011 
days, was taken near the coast north of the Bell Rock, at a distance of 38 miles to 
the north and west ; the fourth, which measured 34:5-45-7 cm., was found in the 
same locality, at a distance of 33 miles. 

Of 9 adult females whose ovaries were “immature ” on recapture, | was taken 
in the spawning season ; it measured 38°5-39-2 cm., and was recaptured off Buck- 
haven, in the Firth of Forth, at a distance of 65 miles. 
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EXPERIMENT II. 
21st September 1912. 


In this experiment, 100 plaice were marked and liberated, 37 being males, 61 
females and 2 of undetermined sex. The males ranged in size from 31 em. to 
44-5 cm., and the females from 33 cm. to 56°5 ecm.; 7 of the males and 30 of the 
females were under the adult size on liberation. The numbers liberated and 
recaptured, arranged in 5-cm. groups, were as follows :— 
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em. em. em. em. em. em. 
31-35°5 36-40:5 41-45°5 46-50°5 51-55°5 56-60°5 Total. 


F. Lib. ; pees LO 28 11 1 4 1 61 
F. Recap. . ; 7 10 6 — 1 eae 
M. Lib. : Spek) 16 2 — — = 37 
M. Recap. . : 5 il = — a — 12 


The plaice for this experiment were captured on the 20th September, in the 
Dornoch Firth (Moray Firth), where the “ Goldseeker ” had been working, and were 
kept in tanks, after being marked, until 2.40 p.m. on the ?1st, when they were 
hberated. 

The number recaptured was 36, or 36 per cent., which is a very small percentage 
compared with other experiments ; the number of males was 12 (32-4 per cent.), 
and the number of females, 24 (39°3 per cent.). 

Eleven of the males were of adult size on recapture, viz. from 33°4—42-7 em., 
with an average of 38°6 cm., compared with a range of from 31-37°5 cm., and an 
average of 35:4 cm. on liberation; they were at liberty for from 21 to 666 days, the 
mean being 359 days; the distances migrated were from 5 to 424 miles, the mean 
being 27:3 miles and the average rate of travel -76 mile. 

Twenty of the females were of adult size, averaging 43°4 cm., and ranging from 
38°5 to 50°5 cm., compared with an average of 40:2 cm., and a range of from 32°5 
to 51 cm. on liberation ; they were at liberty for from 22 to 629 days, the mean 
being 316 days, and travelled from 45 to 123 miles, the average being 29:4 miles, 
and the mean rate, ‘9 mile. Four of the females were under adult size, averaging 
36°3 cm., as compared with 34°6 cm. ; they were at liberty for an average of 205 days, 
and migrated a mean distance of 35:8 miles, the average rate, per 10 days, being 
1:75 miles. 

THE Extent AND DirecTION oF MIGRATION. 


First Quarter —None was recaptured in September. In October, 3 males and 
3 females were got ; 2 of the males were found to the south and west, 1, measuring 
37°5-37°2 em., after 24 days, at a distance of 5 miles ; another, which was 33-33°4 
cm., after 19 days, at a distance of 22 miles, towards the Firth of Forth ; the third, 
which measured 36°5-36 cm., after 21 days, 22 miles to the south and east ; one of 
the females, measuring 44—43°3 cm., was recaptured, after 22 days, 11 miles to the 
south-east ; another, of 40°5-40 cm., was taken at Aberdeen Bank, after 31 days, 
at a distance of 30 miles northward ; these two females were described as “ half 
ripe,” the remaining fish, which measured 34°5 cm. on liberation, but whose size 
on recapture was not recorded, was taken, after 20 days, 11 miles to the south-west. 

Two females were taken in November, both “immature”; 1, measuring 
38-38'5 cm., was caught south of Aberdeen Bank, at a distance of 25 miles, after 
53 days ; the other, which measured 36°5-36°8 cm., was taken near the Bell Rock, 
at a distance of 44 miles to the north and west, after 45 days. 

None was recaptured in December. 

Thus, in this quarter, 8 fishes, or 22°2 per cent., were taken, 3 (37°5 per cent.) 
to the south and west, 2 to the south and east, 2 to the north and west, and 1 to 
the north and east. 

Second Quarter.—In January 1913, a male, of 31-30°4 cm., was taken, after 121 
days, 343 miles to the south and west, to the east of the Isle of May. 

A male and two females were recaptured in February, the male, of 36-36°5 cm., 
and “nearly ripe,” after 161 days, east of the Isle of May, at a distance of 30 miles 
to the north and west ; one of the females was taken, after 150 days, 37 miles to the 
north-east, at Aberdeen Bank ; it measured 42-5-43 cm., and was “ nearly ripe ” ; 
the other, which was 51-50°5 cm., was got, after 151 days, south of Aberdeen Bank, 
at a distance of 27 miles to the north and west. The condition of the reproductive 
organ of this fish was not recorded. 

In March, a male and a female were recovered, the male, of 37-5-38:°9 cm., and 
“spawning ” (“‘ partly spent ”’) after 186 days, off St. Abb’s Head, at a distance of 
32 miles to the south and west, and the female, of 45-45°3 cm. (the condition of the 
ovaries unrecorded), after 186 days, near Aberdeen Bank, at a distance of 30 miles 
to the north and west. 

6* 
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Six fish, therefore, were recaptured in the second quarter, or 16°6 per cent., 3 
to the north and west, 2 to the south and west, and | to the north and east. 

Third Quarter.—Only one fish was recovered in this quarter, a female, taken in 
May, after 241 days, to the south-east of Tod Head, at a distance of 34 miles to the 
north and west ; 1t measured 34°5-35°8 cm., and was “immature.” 

Fourth Quarter —Three females were taken in July ; 1, of 43-44 em., and “ im- 
mature,” after 288 days, offshore, to the south-east of Aberdeen, at a distance of 35 
miles ; another, of 40-41°8 em., after 313 days, 18 miles to the south and west ; 
and the third, of 40°5-43'1 cm., and “‘ spent,” after 310 days, 19 miles to the south 
and west. 

Two females were recaptured in August, both “‘ spent,” and both after 335 days, 
13 miles to the north and west. 

Three females were taken in September, 1, of 35-40°5 cm., after 360 days, 28 
miles to the north and west, towards St. Andrews Bay ; another, of 38-44:4 em., 
after 349 days, off Longstone Light, at a distance of 40 miles to the south and 
west ; and the third, of 37-5-39°9 cm., after 361 days, at Aberdeen Bank, a distance 
of 34 miles to the north and east. 

Thus, in this quarter, 8 of the marked plaice, or 22-2 per cent., were recaptured, 
3 (37°5 per cent.) to the south and west, 3 to the north and west, and 2 to the 
north and east. 

In the 12 months after liberation, therefore, 23 fish, or 63:8 per cent., were 
recovered, 9 (39°1 per cent.) to the north and west, 8 (34°8 per cent.) to the south 
and west, 4 to the north and east, and 2 to the south and east. 

The following table gives particulars as to the mean distance and direction of 
the plaice caught in the first year :— 


| eet | 
| 2p Ren erace | average Range. 
@uitt Dareeuio ae Cent. Mean eres Rate sper ie aananenee 
eanner Oe ate of | Direction. See 10 Days 
\ Se Total. coe) (miles). |Distance.| Rate. 
| 
I. Oct. 1912. | N. and E. 1 IWS}. | ING PAS Be 30° 9:7 He ate 
Nov. 1912. | N. and W. 2 25° | N38? W. 39° fig, 25-44 |4°7-9°8 
Dec. 1912. |S. and E. 2 25° |S. 44° E. 16° ela 11-22 | 5-10°5 
S. and W. 3 37°5 | S. 54° W. 12°8 65 5-22°5/5°5-11°8 
8 22-2 ys 
II. Jan 1913 |N.andE.]| 1 | 16-7|N. 3°E. | 37° | 255 s . 
Feb. 1913. | N. and W. 3 5OG Nese We 29° 1:8 27 -30°5}1-6-2 
Mar. 1913. |S. and E. Nil. 
S. and W. 2 33°3 | S. 81° W. 33° eB 32°5-34'5)1-°7-2°8 
6 16°6 
III. April 1913. | N. and E. Nil. 
May 1913. | N. and W. 1 |100- | N. 47° W. 34: 1°4 
June 1913. |S. and E. Nil. | 
S. and W. Nil. 
1 2°8 
IV. July 1913. | N. and E. 25° | N. 22° B BOs eh 34-35°5| -9—1:2 
Aug. 1913. | N. and W. Go) \Nee2iie WV 16° os 13-23" | °4-6 
Sept. 1913. |S. and E. Nil. 
S. and W. 37°5 | S. 41° W 26° 8 18-40: | *6-1-1 


| 


Crmorn| ol w wr 
) 
uw 
Lo 


SUMMARY. N. and E. 


17°4 
i N. and W. 39°1 

‘ S. and E. : 
S. and W. 34°8 
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Of the others recaptured, 4 were taken in the remainder of 1913, 8 in 1914, and 
1 in 1915. 

A male and a female were recaptured in October 1913, the male, of 31-34-1 em., 
to the south and east of Aberdeen, at a distance of 424 miles, and the female, of 
33°5-39°9 em., north of St. Abb’s Head, at a distance of 36 miles to the south and 
west. Two females were got in December, but the position of capture of 1 was not 
ascertained ; the other, of 41-45 em., was caught north-east of St. Abb’s Head, at a 
distance of 22 miles to the south and west. 

In January 1914, a male, of 35°5-40°2 cm., and “ nearly ripe,” was recovered 
near Aberdeen Bank, at a distance of 29 miles to the north and west. A male and 
a female were taken in February, the male, measuring 36-42°7 cm., and “ ripe,” 
south-east of the Isle of May, at a distance of 39 miles to the south and west ; the 
female, of 33-362 cm., and “‘ immature ” was got in St. Andrews Bay, at a distance 
of 543 miles to the north-west. Two females were recaptured in April, 1 of 39-50 
cm., 17 miles to the north and west, and “‘immature,” the other, of 40-43 em., in 
the Moray Firth, off Lossiemouth, at a distance of 123 miles. In June, a male, of 
36°5-41 cm., was taken, at a distance of 153 miles to the south and west, and a 
female, measuring 32°5-45:2 em., 44 miles in the same direction. In July, a male, 
of 36°5-41:2 cm.. was recovered north of the Bell Rock, at 37 miles distant to the 
north and west. 

The last fish of the experiment to be recaptured was a male, of 33°5-42°1 em., 
and “spawning,” which was taken in March 1915, after 892 days, to the south-east 
of Aberdeen, at a distance of 25 miles. 

A summary of the mean distance and direction in each quadrant, for the whole 
experiment, is given in the following table :— 


Aggregate | Average 
Quadrant. Sex. Nec Distance Distance nae 
: (miles). (miles). echton: 
N. and E. Adult Males. 1 25 25 INS 232eH 
Adult Females. 5 259 52 N. 10° E. 
6 284 47 N. 12° E 
N. and W. Adult Males. 4 138 34 N. 37° W. 
Adult Females. Wh 148 21 N. 19° W. 
Immature Females. Bs 132 44 N. 14° W 
14 418 30 N. 34° W 
S. and E. Adult Males. 1 22 22 Ss BOP 1}. 
Adult Females. 1 11 11 S. 59° BE. 
2 33 16 8. 44° E 
S. and W. Adult Males. 5 113 23 S. 60° W 
Immature Males. 1 34 34 S. 85° W 
Adult Females. 6 139 23 S. 46° W. 
Immature Females. 1 11 1 S. 69° W 
13 297 23 S. 56° W 
SUMMARY 
N. and E 6 284 47 N. 12° E 
N. and W 14 418 30 N. 34° W 
S. and E 2 33 16 S. 44° E 
S. and W 13 297 23 S. 56° W 
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Distances travelled—Under 10 miles.—Two fish, or 5°7 per cent., were found at 
distances under 10 miles, 1, a male, at 5 miles, and a female at 43 miles. 

10 to 20 miles.—Kight fish, or 22°8 per cent., were recaptured at distances of 
from 11 to 193 miles, namely, 1, a male, which had migrated 154 miles to the south 
and west, 1 to the south and east, and 3 to the north and west. 

Under 20 miles.—Thus, 10 fish, or 28°6 per cent., were found at distances under 
20 miles, two males (16°6 per cent), with an average of 10 miles, and 8 females (34°8 
per cent.), with an average of 16 miles. 

20 to 50 miles.—Twenty-three fish, or 65:7 per cent., were recaptured at dis- 
tances of from 22 to 44 miles, viz. 10 males (83°3 per cent.), with an average of 31°5 
miles, and 13 females (56:5 per cent.), with an average of 32:1 miles. Four 
males and 6 females went to the north and west, 4 males and 3 females to the south 
and west, one male to the south and east, 1 male and 4 females to the north and east. 

50 to 100 miles.—One female was got at a distance of 544 miles to the west and 
north (St. Andrews Bay). 

Over 100 miles.—One female was taken in the Moray Firth, at a distance of 
123 miles. 

Matouriry. 

Males.—The condition of the reproductive organs was known in 9 cases. Two 
were “spawning,” 1, which measured 37:5-38°9 cm., being taken in March 1913, 
324 miles to the south and west, off St. Abb’s Head, and the other, of 33°5-42°1 em., 
in March 1915, offshore, at a aii of 25 miles north and east. 

Two were “ripe,” 1, of 36-36°5 em., taken in February 1913, 304 miles to the 
westward, and the other, of 36-42°7 cm., in February 1914, to the south-east of 
the Isle of May, at a distance of 39 miles to the westward. One was “ nearly ripe ” 
it measured 35°5-40°2 cm., and was got in January 1914, near Aberdeen Bank, 
at a distance of 29 miles to the north and west. 

Females.—The condition of the ovaries was recorded in 15 of the 24 cases. 
None was “‘spawning.” One, of 42°5-43 cm., caught im February 1913, at Aber- 
deen Bank, 37 miles to the north and east, was “nearly ripe.” 

Three were “spent”; 1, of 40°5-43:1 em., caught in July 1913, 193 miles to 
the south and west, and 2 taken in August 1913, 13 miles to the north and west ; 
1, measuring 40- 49: 5 cm., and the other, 43-45°4 cm. Two were “half-ripe” 
iot40;5— 40 cm., was got in October 1912, at Aberdeen Bank, and the other, bf 
44-43°3 cm., also ‘taken in October 1912, 11 miles to the south and east. Among 
the adult females whose ovaries were “immature” was 1, taken in April 1914, 
17 miles to the north and west, and measuring 39-50 em. 


EXPERIMENT AT St. ANDREWS Bay. 
3rd December 1913. 


On 3rd December 1913, 59 plaice were marked and liberated in St. Andrews 
Bay, namely, 34 males and 25 females, the Tay Fairway Buoy lying N.E./EK. 
3 miles (Lat. 56° 23’ N.; Long. 2° 54’ W.; depth, 11 fathoms). 

The fish used were caught by the “ Goldseeker”’ in Kirkcaldy Bay on the 
previous day. 

The sizes of the males ranged from 29°5 to 40°5 cm., and 8 were under the 
adult size (33 cm.) when liberated. The females ranged from 27:5 to 62°5 em., 
and 15 were under the adult size (38 cm.) on liberation. 
ieee numbers liberated and recaptured, arranged in 5-cm. groups, are as 
ollows :— 


cm. cm. cm. cm. cm. cm. cm. 
, 25-30°5 31-35°5 36-40°5 41-45°5 46-50-5 51-55-5 61-65°5 ‘Total. 
F. Lib. , ae oe 10 4 1 2 3 1 25 
H, Recap... io 6 2 — — _ — 11 
M. Lib. : Sah a | 18 15 — — — —_ 34 
M. Recap. . Camel 10 8 — — — 19 


Thirty of the marked plaice, or 508 per cent., were recaptured, comprising 
19 males (55°9 per cent.) and 11 females (44 per cent.). 
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Sixteen of the males were of adult size on recapture, measuring from 33:3 to 
39°7 cm., and averaging 35°9 cm., as compared with a range of from 32 to 37°5 cm., 
and a mean of 35:4 em. on liberation ; they were at liberty for from 3 to 495 days, 
the mean being 134 days ; they migrated distances of from 1$ to 166 miles, the 
average being 39°5 miles, and the mean rate of movement, 2°9 miles. Three of 
the males were under the adult size on recovery, averaging 31°3 cm., as against 
31 cm. on liberation; they were free for a mean period of 100 days, and migrated 
distances of from 12 to 84 miles, the average being 39 miles, and the mean rate of 
travel 3:8 miles. 

Four of the females were of adult size on recapture, averaging 41°8 cm., as 
compared with 361 cm. on liberation ; they were at liberty for an average period 
of 502°5 days, and migrated an average distance of 35°5 miles, the mean rate being 
‘8 mile. Seven were under the adult size, ranging from 26°9 to 36°5 cm., and 
averaging 31°8 cm., as compared with a range of from 27°5 to 35°5 cm., and a mean 
of 31:6 cm. on liberation ; they were free for from 22 to 117 days, the mean being 
67 days ; they travelled distances of from 14 to 38 miles, the average being 13 miles, 
and the mean rate, per 10 days, 1:9 miles. 


THe Extent AND DIRECTION OF MIGRATION. 


First Quarter.—In December 1913, 5 males and 2 females were recaptured, 
1 of the females at a distance of 12 miles to the south and east, 1 male 12 miles 
to the north and east, and all the others to the south and west, near the shore, in 
St. Andrews Bay, at distances of 1} and 2 miles. 

A female was captured in January 1914, 24 miles to the south-west, also close 
inshore, and in February, 2 males and | female were taken, all outside the Bay, 
to the south and east, at the following distances :—One male at 15 miles, the other 
at 20 miles, and the female at 11 miles. 

In this quarter, 11 of the marked plaice, or 37-9 per cent., were recaptured, 
6 (54:5 per cent.) to the south and west, 4 (36°4 per cent.) to the south and east, 
and 1 to the north and east. 

Second Quarter-—Six males and 4 females were recaptured in March.1914, 4 of the 
males and 2 of the females to the south and east, at distances of from 12 to 20 miles ; 
1 female had moved up the coast. to the neighbourhood of Tod Head, a distance 
of 38 miles to the north-east ; 1 female migrated round Fife Ness, to within the 
mouth of the Firth of Forth, a distance of 13-miles, while a male was taken, after 
99 days, in the Moray Firth, close to Tarbet Ness, a distance of 166 miles north- 
wards, the rate of movement in this case being 16:7 miles per 10 days; another 
male was caught quite close to Rattray Head, after 92 days, a distance of 84 miles 
to the northward ; its mean rate of movement was 91 miles per 10 days. 

In April, 2 males were taken, both at a distance of 12 miles to the south and east. 

None was recovered in May. 

Thus, in the second quarter, 12 fishes, or 41°4 per cent., were recaptured, 9 
(75 per cent.) at a mean distance of 15 miles in the mean direction 8. 57° H., and 
3 (25 per cent.) at an average distance of 96 miles in the mean direction N. 47° K. 

Third Quarter —A female and a male were recaptured in June, the female to 
the eastwards, at a distance of 34 miles, and the male in the Moray Firth, near 
Berriedale Ness, at 159 miles distant, the mean rate of movement being 8°4 miles. 

None was taken in July and August, so that these 2 fish represent the total 
for the third quarter (6°9 per cent.). 

Fourth Quarter —Only 2 fish were taken in this quarter, namely, a male in 
September, 7 miles east from the Bass Rock, at 19 miles distant to the south and east, 
and another male in November, at a distance of 15 miles to the south and east. 

Withio the 12 months after liberation, 27 of the marked plaice, or 93:1 per cent., 
were recaptured, 16 (59°2 per cent.) to the south and east, 6 (22°2 per cent.) to 
the south and west, and 5 (18°5 per cent.) to the north and east. 

The remaining 3 fishes of the experiment were taken as follows :—A male, in 
April 1915, in the Moray Firth, close to Clyth Ness, at a distance of 158 miles to 
the northwards, a female, in July 1915, 26 miles to the south-east, south-east of 
May Isle, and a female. in December 1916, after 1105 days, 30 miles E.S.E, of 
Aberdeen, at a distance of 67 miles to the north and east, 


174 


Aggregate | Average 
Quadrant. Sex. coe Distance Distance jie 
| (miles). (miles). ea 
N. and E. Adult Males. 4 495 124 N. 51° E. 
Immature Males. 1 84 84 N. 47° E. 
Adult Females. 1 67 67 N. 67° E 
Immature Females. 1 38 38 N. 50° E 
7 684 98 N. 53° E 
N. and W. Nil 
S. and E. Adult Males. 8 130 16 S. 67° E. 
Immature Males. 2 a2, 16 S. 52° BH. 
Adult Females. 3 75 25 S. 40° EB. 
Immature Females. 4 48 12 Sp lS 1B 
7) 285 17 8. 57° E 
is caw. Adult Males. 4 6°5 2 S. 50° Wa 
Immature Females. ® 4 2 5. 38° W. 
6 10°5 2 S. 46° W 
SUMMARY. 
N. and E. 7 684 98 Noose Ee 
N. and W. Ye ue a ch: 
S. and E. V7 285 17 roa 2 1D. 
S. and W. 6 10°5 2 S. 46° W. 
30 


Distances travelled—10 miles and under.—Six of the marked fish, or 20 per 
cent., were recaptured at distances of from 1$ to 23 miles, namely. 4 males (21 per 
cent.), with an average of 1°6 miles, and 2 females (18°2 per cent.), with a mean of 
2 miles. All were taken to the south and west, within St. Andrews Bay. 

10 to 20 miles.—Fourteen, or 46°6 per cent., were got at from 11 to 19 miles, 
9 males (47°4 per cent.), with an average of 15 miles, and 5 females (45:4 per cent.). 
with anaverage of 12°6 miles. Eight of the males and all the females were caught 
to the south and east, | of the males to the north and east. 

Thus, 20 fish, or 66°6 per cent., migrated distances of less than 20 miles, 13 males 
(68-4 per cent.), with an average of 10-8 miles, and 7 females (63-4 per cent.), with an 
average of 93 miles. 

20 to 50 n iles—Five, or 16°6 per cent., were found at distances of from 20 to 
38 miles, 2 males (10°5 per cent.), with an average of 20 miles, and 3 females (27:3 
per cent.), with an average of 33 miles. Both the males and 2 of the females were 
recovered to the south and east, and 1 of the females to the north and east. 

50 to 100 miles.—Two of the fish, or 6°6 per cent., were taken as follows :—A 
male, at a distance of 84 miles to the nerth and east, at Rattray Head, and a female, 
off Aberdeen, at a distance of 67 miles to the north and east. 

Over 100 miles.—Three males (15°8 per cent.) were taken in the Moray Firth, 
at distances of 158, 159, and 166 miles, respectively. 


MatTurRITy. 


Males.— The condition of the testes was ascertained in 15 of the 19 recaptured. 
Two were ‘‘ spawning,” both taken in March 1914, at distances of 17 and 20 miles 
to the south and east. 

Four were described as “‘ nearly ripe”; 1 was taken in December 1913, 14 
miles to the south and west, and another, in the same month, at a distance of 2 miles 


‘ 
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in the same direction ; the third was caught in December 1913, at 12 miles to the 
north and east, and the fourth in November 1914, 15 miles to the south and east. 

Among those of adult size (33 cm.), the following, captured during the spawning 
season, were described as “immature ” :—One, of 33-33°3 cm., in February 1914, 
15 miles to the south and east; 2 in March 1914, measuring respectively 34-34:7 
em., and 33-33°3 cm., 17 miles and 15 miles to the south and east, and 1 taken in 
April 1914, 12 miles to the south-east, which measured 34—35-2 em. 

On the other hand, among the males under adult size was 1 described as “ ripe,” 
which measured 29°5-29°9 cm., and was taken in February 1914, 20 miles to the 
south and east. 

Females.—The condition of the ovaries was recorded for 10 of the 11 recaptured. 
All were described as “immature ” (including 1 taken in March 1914, and measuring 
38°5-38°5 cm.), except the last, caught in December 1916, 67 miles to the north and 
east, which was described as ‘ ripening.” 


EXPERIMENTS AT ABERDEEN BANK. 


At this station, which hes about 35 miles to the south-east of Aberdeen, in Lat. 
56° 55’ N.; Long. 1° 8’ W., and where the depth is about 37 fathoms, marked plaice 
were liberated on eight different occasions, between June 1910 and November 
1913. The following “table gives the main particulars of each experiment :— 


Liberated. Recaptured, Percentage. 


ees — — == | 


| aera ca 
IRAP iiey |, Pe totalel eatl eg. 4 


| pet | Potall yes OEE Total 
| | | | lpaeae 3 | es 3) (Lt 
| | | | | | sli | a 
1. 10June1910. . : | 149 | 177 | 10 | 336 | 94} 107 ite 201 | 63°1|60°4) ... 59°8 
2. 21 Oct. 1910 4 . |114/152| 16 | 282 | 76) 112 | 7 195 | 66°6) 73°7 | 43°7}) 69°71 
|.3. 19 July 1911 . é 49| 60; ... | 109 | OBS dul vo. 57 | 46°91 567i)... O2com| 
4. 6 July 1912 . oy 22) OO I a0 | Oe ereile ere 62 | 63°3| 62° ae 62° 
5. 21 Sept. 1912 . : 44 | 55) |) 100 | Tis O84 ieee END) GNA GYAN 40° 
ay Sy Nilewes epee . | 28 72 | se |e LOOM 22D Onna: Te MRS ON TBE Bsc 77 
| Tig zal Wile tye I Se 5 Ary | BY |} pon | 10K) | 30) Bll hoo 65) | 67:4//6154)~... 65° 
| 8. 13 Nov. 1913 . : AO) oie eae 100 | SHI) Ag oe 44 | 36°7/ 51° ahs 44° 
fue | | et x : 


525/674 | 28 | 1227 |305/429 7 | 741 | 58-1 63°6 25° | 60-4 


Altogether, 1227 plaice were marked and set free, of which 525 were males, 674 
were females, and 28 were of undetermined sex. The number recovered was 741, 
or 60-4 per cent., namely, 305 males (58 per cent.), 429 females (63°6 per cent.), and 
7 of unknown sex (25 per cent). The percentage of recaptures varied in different 
cases from 44 to 77. 

EXPERIMENT I. 


10th June 1910. 


In this experiment, the large number of 336 fish were marked and set free, con- 
sisting of 149 males, 177 females, and 10 whose sexes were not ascertained. The 
males ranged in size from 20 to 40 cm., and 78 were under the adult size when 
liberated. The sizes of the females ranged from 23 to 56 cm., and 164 were under 
the adult size on liberation. The sizes of those whose sexes were not distinguished 
varied from 28°5 to 38°5 cm. 

The numbers of the fish marked and recaptured, arranged in 5-cm. groups, are 
shown in the following table :— 


cm. cm. em. cm. Ci. Chi. 
20-24-5° 25=30-5 SilE35-5 36—40°5 41-45°5 56-60-5 Total. 
F. Lib. 2 48 82 4] 3 1 177 
F. Recap. 1 29 49 25 2 ] 107 
.M. Lib. 4 46 76 Hp — — 149 
M. Recap. . : 1 27 5O 16 — — 94 
tah. . ; oo 2 4 4 = — 10 


* Recap. ; SS = — — — -- 0 
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The fish used in this experiment were trawled by the “ Goldseeker ” in Aberdeen 
Bay on the 10th June, and were liberated at the station the same evening, between 
9.45 and 10.40 p.m. 

The number recaptured was 201, or 59°8 per cent., namely, 94 males (63-1 per 
cent.) and 107 females (60-4 per cent.). 

Of the males, 73 were of adult size on recapture, ranging from 33 to 44:4 cm., 
and averaging 36°7 cm., as compared with a range of from 24-5 to 39 em., and an 
average of 33:5 cm., on liberation ; they were at liberty for from 4 to 1398 days, 
the mean being 283 days; they migrated distances of from 4 to 199 miles, the 
average being 36°6 miles, and the mean rate 1:3 miles per 10 days. Twenty-one 
were under the adult size on recovery, namely, from 26-7 to 32°9 cm., the mean 
being 30°6 cm., as compared with a range of 26-5 to 32°5 cm., and a mean of 29:1 
cm. on liberation. They were at liberty for from 4 to 272 days, the average being 
95 days; they migrated distances of from 4 to 52 miles, the mean being 21°8 miles, 
and the mean rate 2°3 miles. 

Fifty-one of the females were of adult size on recapture, ranging from 38-2 to 
57-6 cm., and averaging 41°8 cm., as compared with a range of from 25:5 to 56 em., 
and an average of 34°8 cm. on liberation ; their periods of freedom varied from 7 
to 1447 days, the mean being 447 days; they moved distances of from 14 to 126 
miles, the average being 30°5 miles, and the mean rate *7 mile. Fifty-six were under 
the adult size, ranging from 28°5 to 37:7 cm., and averaging 34 cm., as compared with 
a range of from 24°5 to 36°5 cm., anda mean of 31°6 cm. on liberation ; they were at 
liberty for from 2 to 636 days, the mean being 180 days; they travelled journeys of 
fron 3 to 114 miles, the average being 27:1 miles, and the mean rate, per 10 days, 
1:5 miles. 

THE ExTENT AND DIRECTION OF MIGRATION. 


Owing to the number of marked plaice recaptured, this experiment is of special 
value. ‘The chart, on which are presented all the Imes between the position of 
liberation and of recapture of each fish, shows that the majority n.oved to the 
north-west and the south-west, towards the coast, but a considerable number went 
farther north, several to the Orkney Isles, and 1 to the west coast. On the other 
hand, only | fish was recaptured to the south of the Firth of Forth, or Lat. 56° N. 

First Quarter.—Thirteen of the marked plaice were recaptured in June, viz. 
5 males and 8 females. One of the males was caught after 20 days at the place of 
liberation ; 2 were found to the north and west at distances of 15 and 22 miles; 1 
to the north at 10 miles distant ; and 1 to the south and west at a distance of 53 
miles. Two of the females had moved to the north and west for distances of 9 
and 15 miles respectively ; 4 were found to the north and east at distances of from 
10 to 45 miles, the latter being offshore, east of Rattray Point ; 1 was caught 4 
miles to the south and west ; and another 6 miles to the south and east. 

Twenty were recovered in July, 9 males and 11 females. Five of the males were 
taken to the south and west, at distances of froix 10 to 16 miles ; 2 were got to the 
south and east, at 9 and 11 miles distant ; 1 was found 11 miles to the north and 
west ; and 1, 4 miles to the north and east, after 38 days. Five of the females 
were taken to the south and west, at distances of from 12 to 34 miles; 1, directly 
west, at 21 miles distant ; 3 to the north and west, at distances of from 12 to 343 
miles ; and 2 to the south and east, at 8 and 21 miles distant. 

Nine were recovered in August, 6 males and 3 females. Three of the males were 
found to the south and west, at distances of from 7 to 31 miles; 2 to the north and 
east, 4 and 234 miles away ; and 1, 124 miles to the north and west. One of the 
females was got 3 miles to the south and west, 1, 9 miles to the north and west, 
and 1, 84 miles to the south and east. 

In this quarter, the total number recaptured was 42, or 20-9 per cent.; 10 
(24-4 per cent.) had moved an average distance of 16 miles in a mean direction N. 
53° W., the average rate of movement being 15:5 miles per 10 days; 8 (19:5 per 
cent.) had gone an average distance of 15 miles in the mean direction N. 30° E., 
the average rate of movement being 21:9 miles per 10 days; 16 (39 per cent.) 
migrated a mean distance of 14 miles 8. 55° W., the average rate of movement being 
3°9 miles ; 6 (14°6 per cent.) went an average distance of 10°6 miles in the mean 
direction 8. 44° E., at the average rate of 4°6 miles; 1 fish moved 21 miles directly west. 
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Second Quarter.—In September, 17 of the liberated plaice were recovered, 11 
males and 6 females. Three of the males were found at distances of from 15 to 48 
miles to the south and west, 5 at distances of from 8 to 35 miles to the north and 
west, 2 at 16 and 30 miles to the north and east, and 1, 8 miles to the south and east. 
Three of the females were recaptured at distances of from 143 to 45 miles to the south 
and west, 1, 13 miles to the north and east, another 8 miles to the south and east, 
and 1, 94 miles to the north and west. 

In October, 17 were recaptured, 10 malesand 7 females. Four of the males were 
taken at distances of from 4 to 48 miles to the south and west ; 4 were found at 
distances of from 74 to 21 miles to the north and west; and 2 at 164 and 20 miles 
to the north and east. Three of the females were recaptured at 10 miles to the 
south and west ; 2 at 6 and 74 miles to the north and west ; 1 at 10 miles to the 
north and east ; and 1, 83 miles to the south and east. 

In November, 13 fish were got, but the place of capture of 1, a male, was not 
ascertained. The others consisted of 5 males and 7 females. Three of the males 
were taken at distances of from 24 to 37 miles to the north and west, and 2 at 17 and 
52 miles respectively to the south and west. Two of the females were taken at 40 
and 45 miles to the south and west; 3at distances of from 17 to 114 miles to the 
north and east ; and two 24 and 30 miles to the north and west. 

Thus, in the second quarter, 47 of the marked plaice, or 23:4 per cent., were 
taken ; the position of capture of 1 was not ascertained, and of the remaining 46 
(22°9 per cent.) 17 (36-9 per cent.) migrated an average distance of 29 miles in the 
mean direction 8. 51° W., at a mean rate of 2°4 miles per 10 days; 17 (36-9 
per cent.) moved an average distance of 17 miles in the mean direction N. 37° W.. at 
a mean rate of 1:7 miles ; 9 (19°6 per cent.) went a mean distance of 29°8 miles in 
the mean direction N. 27° E.; and 3 (6°5 per cent.) migrated an average distance of 
8:1 miles in the mean direction 8. 42° E., at the mean rate of -7 mile per 10 days. 

Third Quarter.—Ten were recovered in December, 5 males and 5 females, but the 
place of capture of 1 male and 1 female was not ascertained. Two of the remaining 
males were found at 23 and 30 miles to the north and west, 1, 11 miles to the south 
and west, and 1, 18 miles to the south and east. Two of the females were taken at 28 
and 30 miles to the north and west, and 2 at 20 and 44 miles to the south and west. 

In January 1911, 2 males and 1 female were recovered all to the north and west, 
one of the males at a distance of 164 miles and the other off Banff, in the Moray 
Firth, ata distance of 77 miles ; the latter was “ripeand running.” The female was 
caught near Buchan Ness, at a distance of 40 miles. 

Fourteen were taken in February 1911, 9 males and 5 females. All these fish 
were also recaptured to the north and west, 2 males and a female off Banff, in the 
Moray Firth, at a distance of 77 miles; the female was “‘ nearly ripe,” and the 
males ““spawning.” One of the males had made a long journey, and was recaptured, 
after 257 days, 13 miles S.W. by W. of Cape Wrath (58° 26’ N.; 5° 14’ W.), a distance 
of 199 miles, the mean rate of migration being 7:7 miles per 10 days; it was “ ripe.” 
Three males were taken near Aberdeen, at distances of 304 and. 34 miles. A male 
and 2 females were got near Buchanness, at distances of 34, 37, and 39 miles ; a male 
was caught near Montrose, at a distance of 43 miles, and | near Tod Head, at a 
distance of 31 miles. A female was recovered off Buchanness at a distance of 26 
miles, and another only 4 miles from the place of liberation. 

The number recaptured in this quarter was 27, or 13:4 per cent., the 
place of capture of 2 not being ascertamed. Of the remaining 25 (12-4 per cent.), 
22 (88 per cent.) migrated an average distance of 45 miles in the mean direction 
N. 35° W., at a mean rate of 19 miles per 10 days ; 2 (8 per cent.) moved south and 
west, and | south and east. 

Fourth Quarter —In March 1911, 13 of the marked plaice were recaptured, 
7 males and 6 females. They were all found to the north-west, with one exception, 
a male, recaptured 11 miles to the north and east. Three of the males were taken 
in the Moray Firth, at distances of 77, 93, and 103 miles. A female was recaptured 
east of the Orkney Isles, a distance of 97 miles. A male was taken north of 
Kinnaird Head, at a distance of 64 miles. Five of the es 2 males and 3 females, 
were taken to the south-east of Aberdeen, 4 at distances of 8 and lat 10 miles. Two 
females went 32 and 34:5 miles to the northwards, being taken off Buchanness. 

In April, 3 males and 4 females were recaptured, 1 male and 1 female to the north- 


178 


east, 2 females to the south-west, and all the others to the north-west. A male and 
a female were taken in the Moray Firth, at distances of 93 and 102 miles. One of 
the males was caught off Kinnaird Head at a distance of 51 miles; a female, which 
measured 26:5-31'8 cm., was recovered at the mouth of the Tay, 56 miles to the 
south-west. A male and a female were found to the south-east of Aberdeen at 21 
and 8 miles distant, while a female went 26 miles to the south-west. 

In May, 9 were taken, 3 males and 6 females. Two of the males had moved to 
the north-west; 1 was taken off Buchanness, at a distance of 33 miles, and the 
other in the Moray Firth at 98 miles distant ; the remaining male was found 15 
miles to the south and west. Two of the females had moved to the north and west 
for distances of 8 and 36 miles respectively ; 1 was found 12 miles to the north and 
east, and 2, 16 and 45 miles to the south and west ; the remaining female migrated 
for 19 miles directly west. 

In this quarter, 29 fishes, or 14-4 per cent., were recaptured ; 19 (65:5 per cent.) 
moved an average distance of 49 miles in the mean direction N. 21° W., at the mean 
rate of 1°5 miles ; 5 (17:2 per cent.) moved a mean distance of 32 miles in the mean 
direction S, 49° W., at an average rate of ‘9 mile ; 3 (10°3 per cent.) moved to the 
north and east ; and 1 each to the west and to the south and east. 

Altogether, in the 12 months after liberation, 145 of the fishes, or 72:1 per 
cent., were recaptured, the positions of 4 not being ascertained. 

Of the remaining 141 (70:1 per cent.), 68 (48°2 per cent.) were found to the 
north and west ; 40 (28°4 per cent.) to the south and west ; 20 (14:2 per cent.) 
to the north and east, 11 (7:8 per cent.) to the south and east, and 2 directly west. 

A summary of the mean distance and direction in each quadrant, for the first 
year after liberation, is given in the following table :— 


a Per ‘ Average Range. 
Quarts ease. acs Cent Mean Averane Rate per zi 
pare ceo ee il Cor eile 08) | Direction. Gauss) | 10 Days 
S © |Total ‘| (miles). |Distance.| Rate. 
I. June 1910. | N. and E. 8 19°5 | N. 30° E. 15 21°9 4-45 *8-75 
July 1910. | N. and W.} 10 24°4 | N. 53° W. 16 15°5 9-34°5| 1°4-55 
Aug. 1910 |S. and E. 6 14°6 | S. 44° E. 10°6 46 6-21 | 1:2-10 
S. and W. 16 39° S. 55° W. 4: 3°9 3-34 *5-13°7 
W. 1 2°4 W. 21° 7 ait 
41 20:4 
Il. Sept. 1910. | N.and E. |; 9 19°6 | N. 27° E. 29°8 2°2 10-114 8-77 
Oct. 1910. N. and W.| 17 36°9 | N. 37° W. 17 L27/ 6-37 5-5'8 
Nov. 1910. |S. and E. 3 6°5 | S. 42° KE. 81 7 8-8°5 7-9 
S. and W. 7 36:9 | S. 51° W. 29 2°4 4-55 3-5'4 
46 22:9 
III. Dec. 1910. | N. and E. Nil. 
Jan. 1911. | N. and W.| 22 88° | N. 35° W 45 19 4-199°5 2-7°8 
Feb. 1911. |S. and EK. 1 4: 8. 85° E 18 ‘9 : Pee 
S. and W. 2 8: 8. 48° W 32 18 20-49 | 1:1-2°6 
25 | 12-4 a) 
IV. Mar. 1911. | N. and E. 3.2 |o1O3e| N.i39om: 24 8 11-51} °3-1°7 
April 1911. | N. and W.| 19 65:5 | N.. 21° W. 49 1°5 8-103] °2-3°5 
May 1911. |S. and E. 1 3°4 | 8. 24° E. 8 25 ae ae 
S. and W. i) 17:2 | S. 49° W. 32 ‘9 =|15°5-56°5| =-4—-1°9 
W. 1 3°4 W. 19 6 ohn ae 
29 14°4 
Summary. |N.andE.| 20 | 142 ; 
N. and W.| 68 48°2 
S. and EB. il 7:8 
S. and W. 40 28°4 
W. 2 1:4 
141 | 70:1 | 
Lee eee ieee eee eee eee eee 
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Thirty-one of the remaining fishes which were recaptured were caught in the 
remainder of 1911. 

In June, 4 females and 2 males were taken, the position of 1 of the 
males not being ascertained. The other male and 3 of the females were found 
to the north and west, at distances of from 6 to 35 miles ; the remaining female was 
taken 14 miles to the south-east of the place of liberation. 

Three males and 6 females were recovered in July. Two of the males and 3 of the 
females were taken to the north-west, at distances of from 6 to 35 miles; 1 male 
and 2 females were captured at distances from 10 to 54 miles to the south-west, 
off the Isle of May ; the remaining female was found at a distance of 16 miles to 
the north-east. 

Two males and 5 females were recaptured in August, | of the males and 2 
of the females at distances of from 5 to 28 miles to the north and west, and the 
remaining 4 fishes to the south and west, at distances of from 15 to 72 miles ; 1 of 
these, a female, was taken near the Bell Rock, and another female south-east of St. 
Abb’s Head, in the offshore waters, both being under adult size. 

In September, 3 females were recovered, one 24 miles to the south and west, 
another 27 miles directly west, and the remaining fish 52 miles to the south-east, 
offshore. 

In October, | male and 2 females were taken, the male and one of the females, 
to the north-west, at 36 and 11 miles distant respectively, and the other female at 
a distance of 85 miles to the south and east, far offshore. 

A male was taken in November. in the Moray Firth, at a distance of 97 miles to 
the north and west. 

In December, 2 males were recovered, one 144 miles to the north-west, and the 
other 21 miles to the north-east. 

Twenty of the marked plaice were recaptured in 1912. A female was taken in 
the Moray Firth, off Clyth Ness, at a distance of 88 miles, after 597 days, and it was 
“spawning.” Three females were taken in February, 2 to the south-west, at 
distances of 60 and 75 miles respectively, the latter, which measured 28-38-2 cm., 
in the Firth of Forth, near Elie, and the former, of 25-34-7 cm., near the Isle of May, 
both being “immature”; the third female, of 32-42°3 em., and “ nearly ripe,” 
was taken to the east of Orkney, at a distance of 126 miles to the north and west. 

In Match, 2 males and a female were taken, all to the north and west. One of 
the males was got in the Moray Firth, at a distance of 117 miles, and was “ ripe ” ; 
the other was also recovered in the Moray Firth, at 90 miles distant, but the con- 
dition of the testes was not recorded ; the female, which measured 27-35°4 cm., 
was recaptured 12 miles distant. 

Two females were caught in April, one 46 miles to the south and west, east of 
the Isle of May, the other at a distance of 11 miles to the north and west. 

Three females were recaptured in May, the position of 1 not being recorded ; 
1 was taken 35 miles to the north and west, and the other 8 miles to the south and 
east. 

A male and a female were got in June, the male 23 miles to the north and west, 
and the female 46 miles to the south and west, east of the Isle of May. 

A female was recaptured in July, 103 miles to the south and east, offshore, in 
Lat. 57° 10’ N.; Long. 2° E. 

A male was recovered in August, but the place of capture was not recorded. 

In September, 1 male and 2 females were taken, the male 73 miles to the 
north, off Kinnaird Head, and both the females to the south and west, at distances 
of 10 and 24 miles respectively. 

A female was taken in December 13 miles to the north and east. 

Three of the marked plaice were recaptured in 1913. In February, a female, 
which was “ spawning,” was caught 9 miles to the north and west. 

In May, a male and a female were recovered, the male at a distance of 22 miles 
to the north and east, and the female offshore, at a distance of 65 miles to the 
eastward. 

The 2 remaining fishes from this experiment were taken as follows :—A male 
in the Moray Firth, north-east of Clyth Ness, at a distance of 106 miles in April, and 
a female 18 miles to the north and west in May; the former was “ripe,” and the 
latter “spent.” 
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The following table shows how all the fish of the experiment were distributed in 
each quadrant :— 


Nowa | Aggregate | Average 


, e Mean 
Quadrant. Sex. . Distance Distance Scone 
Fish. (miles). Guiles), Direction. 
N. and E. Adult Males. 8 193 24 N. 36° E. 
Immature Males. 4 35 9 N. 36° E. 
Adult Females. 4 73 18 N. 60° E 
Immature Females. 8 229 29 N. 30° E 
24 530 22 N. 35° E 
N and W. Adult Males. 45 1928 43 N. 32° W. 
Immature Males. 6 158 26 N. 32° W. 
Adult Females. 24 795 33 N. 35° W. 
Immature Females. 20 443 22 N. 41° W. 
95 3324 35 N. 35° W 
S. and E. Adult Males. 1 8 8 S. 24° 
Immature Males. 3 38 13 Siow 
Adult Females. 7 243 35 S. 46° E. 
Immature Females. 6 138 23 S. 42° E 
Wi 427 25 S. 48° E 
Sand WwW. | Adult Males, 13 252 19 S. 55° W. 
Immature Males. 8 225 28 S. 42° W. 
Adult Females. 14 391 28 S. 61° W. 
Immature Females. 19 627 33 S. 54° W. 
54 1495 28 S. 54° W 
N Adult Males. i 73 18 N 
W. Adult Females. 1 19 19 W. 
Immature Females. 2 48 24 WwW 
3 67 22 W 
ares ge Napa a ph es | die Es 0 i) ee 
SUMMARY. 
N. and EK. 24 530 99 INESoeeBe 
N. and W. 95 3324 35 N. 35° W. 
S. and E. 17 427 25 S. 48° E. 
S. and W. 54 1495 28 S. 54° W. 
N 1 73 73 N 
W 3 67 22 W 
194 


Distances travelled—10 miles and under.—Fitty-two of the fish, or 26°8 per 
cent., went distances not exceeding 10 niles, namely, 20 males (22°5 per cent.), with 
an average of 7°3 miles, and 32 females (30°5 per cent.), with an average of 7-8 miles. 

10 to 20 miles.—Forty-two of the fish, or 21°6 per cent., were found at distances 
between 10 and 20 miles, namely, 21 males (23°6 per cent.) with an average of 14°3 
miles, and twenty-one females (20 per cent.), with a mean of 14 miles. 

Thus, 94 fish, or 48:4 per cent., were recovered within 20 miles of the 
place of liberation, namely. 41 males (46-1 per cent.), with an average distance of 
11 miles, and 53 females (50°5 per cent.), with a mean of 10-2 miles. 

20 to 50 miles—Sixty-eight fish, or 35 per cent., migrated distances of from 
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20 to 50 miles, 31 males (34:8 per cent.), with an average distance of 30-9 miles, 
and 37 females (35:2 per cent.), with an average of 33:6 miles. Nineteen males 
and 17 females had gone to the north and west ; 7 males and 15 females to the south 
and west ; 5 males and 2 females to the north and east ; 1 female south and east ; 
and two directly west. 

“50 to 100 miles.—T wenty-four, or 12-4 per cent., were found at distances between 
50 and 100 miles, 13 males (14.6 per cent.), with an average distance of 78 miles, 
-and 11 females (10-5 per cent.), with an average of 71:1 miles. Ten of the males 
and 3 of the females were got to the north and west, one male to the north and east, 
1 male and 5 females to the south and west, | male directly north, and 3 females to 
the south and east. 

Over 100 miles.—KHight fish, or 4:1 per cent., were taken at distances exceeding 
100 miles, 4 males (4:5 per cent.), with a mean of 131-4 miles, and 4 females (3°8 
per cent.), with a mean of 111:5 miles. All the males and two of the females were 
found to the north and west, in the Moray Firth, off Cape Wrath, and east of the 
Orkneys ; 1 was recaptured to the north and east, also off Orkney ; and the other 
in the offshore waters to the eastwards. 


MaTouRITY. 


Males.—Oft the 94 males recaptured, the condition of the testes was ascertained 
in 68. 

Four were “spawning”; 1, which measured 37:5-37:°5 cm., was captured in 
January 1911, after 223 days, off Banff, in the Moray Firth, at a distance of 77 
miles; 2 were taken in February, also off Banff, after 249 and 260 days, 
measuring respectively 39-38°9 cm., and 32-364 cm.; the fourth male was got 
in March 1911, after 294 days, 103 miles to the northwards, off Rattray Point ; it 
measured 35-38°4 cm. 

Five were described as “ripe.” One, measuring 30-33°3 cm., was recaptured 
in February 1911, after 257 days, off Cape Wrath, at a distance of 200 miles ; 
another, of 32-35-8 cm., was taken in April 1911, 51 miles to the north and east, off 
Buchanness ; the third was recaptured also in April 1911, 21 miles to the north 
and west ; the fourth was taken in March 1912, after 637 days, in the Moray Firth, 
off Brora, at a distance of 117 miles, and measured 29-33°6 cm.; the fifth was 
got in April 1914, after 1398 days, near Clyth Ness, in the Moray Firth, at a dis- 
tance of 106 miles, and it measured 36°5—44°4 cm. 

Four of the males were said to be “spent.” Two were recovered in February 
1911, 30 and 34 miles respectively to the north and west ; one was recaptured in 
May 1911, 98 miles to the north and west, in the Moray Firth ; and the fourth, in 
May 1913, 22 miles to the north-east. 

Five were described as “ nearly ripe.” Three were got in December, the place 
of capture of 1, however, not being recorded ; one of the others was found 11 miles 
to the north and west, after 188 days, and the other 14 miles to the north and west, 
after 564 days; the third fish was taken in November 1911, 97 miles to the north 
and west, in the Moray Firth; the remaining fish was captured in June 1912, 
after 747 days, 23 miles to the north and west. 

Among those of adult size on recapture whose testes were “immature,” were 
the following taken within the limits of the spawning season :—1, measuring 34—36°7 
cm., at a distance of 164 miles to the north-west, in January 1911; 4 in February 
1911, at distances of from 31 to 43 miles to the north-west: 2 in March 1911, 
each at 8 miles distant to the north and west. 

Among the fishes which were under the adult size (33 cm.) on recapture was 
1 which measured 27-31:3 cm., taken in December 1910, 18 miles to the south 
and east, and described as “ nearly ripe.” 

Females.—The condition of the ovaries was r corded in 80 of the 107 recaptured. 

Four were “spawning,” all taken to the north and west. One was caught in 
January 1912, after 597 days, 88 miles to the northward, and measured 25:5-40°1 
cm. ; another, of 40-40°8 cm., on 23rd February 1911, at a distance of 26 miles ; 
the third in February 1913, after 982 days, at a distance of only 9 miles, and 
measuring 29-41°3 cm. ; and the fourth, of 32°5-42-1 em., in April 1912, after 676 
days, at a distance of 11 miles. 


‘ 


c 
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One female, of 38:5-48-1 cm., taken in December 1912, after 928 days, at a 
distance of 13 miles to the north and east, was described as “ nearly spawning.” 

None was described as “ripe,” but 3 were “nearly ripe.” One of these, which 
measured 36°5-39-4 cm., was taken off Banff in February 1911; another, of 32-42°3 
em., in February 1912, off Auskerry, Copinshay, Orkney Isles, at a distance of 126 
miles; the third, which measured 3245-9 cm., was captured in September 1912, 
24 miles to the south and west. 

Four were “spent,” 1 caught in July 1911, 35 miles to the north-west, 1 in May. 
1912, the position of capture not being ascertained ; a third, also in May 1912, 
8 miles to the south and east, and the fourth in May 1914, after 1447 days, 18 miles 
to the north and west. 

Two taken in March 1911 were described as “spent or immature”; they 
measured 32°5-38'4 cm. and 34:5-38°3 cm., and were caught 34 and 32 miles to the 
north and west. 

Among those of adult size, whose ovaries were said to be “immature,” were 
3 taken in April, and measuring 36-39°8 cm., 36°5-38:°9 cm., and 29-40°9 cm. 
they were caught 26 miles to the south and west, 8 miles to the south and east 
and 46 miles to the south and west respectively ; another, of 28-38-2 cm., was 
taken in the Firth of Forth, between Largo and Khe, at a distance of 75 miles, in 
February 1912. 


ce 


EXPERIMENT II. 
21st October 1910. 


In this experiment, 282 plaice were marked and liberated, comprising 114 males, 
152 females, and 16 whose sexes were not ascertained. The sizes of the males 
ranged from 27 to 41 cm., and 14 were under the adult size on liberation ; the 
females ranged from 27 to 45°5 om. in length, and 90 of them were below the adult 
size. Those whose sexes were not recorded varied in length from 33:5 to 40 em. 

The numbers marked and recaptured, arranged in 5-cm. groups, are given in 
the following table :— 


cm. cm. em. cm. 

25-30°5 31-35°5 36-40°5 41-45°5 Total. 
Ee labs. : 6 46 83 ui 152 
F. Recap. 2 at 69 14 112 
M. Lib. : : 3 51 59 1 114 
M. Recap. 1 33 42 -— 76 
?Lib. . : F — 5 11 — 16 
? Recap. , 5 = 1 6 — ch 


The fish used in this experiment were trawled by the ‘“‘ Goldseeker ”’ early in 
the afternoon of the 19th October, in Aberdeen Bay, between Slains Castle and 
Collieston. As there was a heavy sea that day, the vessel anchored in Peterhead 
Bay, where it had to remain until the morning of the 21st, when it steamed to 
Aberdeen Bank and liberated the fish about noon. 

The number recaptured was 195, or 69°1 per cent., namely, 76 males (66°6 per 
cent.), 112 females (73°7 per cent.), and 7 of anknown sex (43°7 per cent.). 

Of the males, 71 were of adult size on recapture, averaging 38°1 cm., and ranging 
from 33 to 49:2 cm., as compared with an average of 36:1 cm., and a range of 
from 32 to 40°5 cm. on liberation ; they were at liberty for from 4 to 1326 days, 
the mean being 244 davs; they migrated distances of from 4 to 194 miles, the 
mean being 63:4 miles, and the mean rate of movement 2°6 miles. Five of the 
males were under adult size, the average being 31 cm., as compared with a mean 
of 31°5 cm. on liberation ; they were free for an average period of 156 days, and 
migrated a mean distance of 55-4 miles, at an average rate of 3:5 miles per 10 days. 

“Seventy-nine of the females were of adult size on reca pture, the mean being 
41-9 cm., and the range from 38 to 51:9 cm., as compared with an average of 38: 8 
cm., and a range of from 33 to 44°5 cm. on liberation ; their periods of freedom 
varied from 5 to 799 days, and averaged 283 days ; they moved distances of from 
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33 to 196 mules, the mean being 50°6 miles, and the mean rate of travel 1:8 miles. 
Thirty-three of the females were under adult size on recapture, varying from 
27°3 to 37°9 em., and averaging 35°6 em., as compared with a range of from 27 to 
38 cm., and an average of 34:8 cm. on liberation ; they were at liberty for from 
6 to 526 days, the mean bemg 129 days; they travelled journeys of from 4 to 
140 miles, the mean being 30°5 miles, and the average rate 2°4 miles. 

The 7 whose sexes were not ascertained were free for a mean period of 185 days ; 
their sizes on recovery averaged 40°7 cm., as compared with 39 cm. on liberation ; 
they travelled journeys of from 84 to 197 miles, the average being 81°8 miles, and 
the mean rate 4°4 miles per 10 days. 


THE EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—FKight fish were recaptured in the remainder of October, 4 males 
and 4 females. Three of the males and 3 of the females moved to the north and 
west, for distances ranging from 7 to 13 miles: 1 male and | female were found 
4 miles to the south and west. 

In November, 10 of the marked plaice were recaptured, 5 males, 4 females, and 
1 whose sex was not ascertained. The last-named fish and 1 male and 1 female 
were found to the north and west, at distances of from 8 to 44 miles; 2 males 
and 2 females were taken to the south and west, at distances of from 17 to 45 miles ; 
1 male had moved 48 miles to the south and east,and other 2 to the north and 
east, a male for 25 miles to near Buchanness, and a female 29 miles offshore to the 
south-east of Buchanness. 

In December, 9 fishes were recovered, 3 males, 5 females, and 1 of unknown 
sex. Two of the males moved distances of 20 and 32 miles respectively to the 
north and west ; the other male was found 10 miles to the south and west ; 3 of 
the females were also taken to the south and west, at distances of from 10 to 49 
miles, 2 being recaptured near Montrose, and another near the Bell Rock; 1 
female moved 10 miles to the north and east, and another 104 miles to the north 
and west, being got, after 65 days, in the Moray Firth, to the east of Clyth Ness ; 
the fish of unknown sex was also recaptured in the Morav Firth, off Whitehills, at 
a distance of 77 miles to the north and west. 

In the first quarter, then, 27 fishes, or 13°9 per cent., were recovered, 13 (48-1 per 
cent.) to the north and west ; 10 (37 per cent.) to the south and west; 3 to the 
north and east ; and 1 to the south and east. 

Second Quarter—In January 1911, 14 fishes were recaptured, 5 males and 9 
females. All were taken to the north and west, except 1 female to the south and 
east, and another to the south and west. No less than 9 of these fish, namely, 
4 males and 5 females, were taken ia the Moray Firth, 6 of them off Banff, at a 
distance of 77 miles, and other 3 at distances of 93 and 97 miles; 1 female was 
got on the north coast of Scotland, north-west of Dunnet Head, at 140 miles distant, 
after 84 days; another was taken at Buckhaven, near Buchanness, at a distance 
of 41 miles ; another, south-east of Buchanness, at a distance of 30 miles; 1 of 
the females was recovered offshore at a distance of 17 miles to the south and east, 
and another at a distance of 15 miles to the south and west. 

Twenty-four of the plaice, 13 males, 10 females, and 1 of unknown sex, were 
recaptured in February; no fewer than 22 were got to the north and west; 1 
female was taken to the south and west; and a male to the south and east. 
Thirteen, viz. 12 males and 1 female, were recovered in the Moray Firth, 8 in the 
cod-nets off Banff, at distances of 77 and 78 miles, the others mostly off the coast 
of Caithness, at distances of 101 to 107 miles. All the males but one were ‘‘ spawn- 
ing” or “ripe,” and the exception was “nearly ripe”; the female was “almost 
ripe’; the fish of unknown sex was captured after 130 days at a distance of 197 
miles to the north and west, namely, 11} miles W.S.W. of Cape Wrath (58° 29’ N.; 
5° 15’ W.); it was “spawning”; 1 male was taken at a distance of 17 miles to 
the south and east ; it was described as “mature”; a female was recaptured a 
little east of the Isle of May, at a distance of 59 miles to the south and west ; it 
was “‘just about to spawn”; 7 females were taken at distances of from 11 to 34 
miles north and west ; they were all “immature”; 1 female, measuring 37°5~- 
37°8 cm., recovered 16 miles to the north and west, was described as “‘ ripe.” 
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Thirty of the marked plaice, 10 males and 20 females, were recovered in March. 
Twenty-six had migrated north and west, 2 north and east, and 2 south and west. 
Six of the fishes, 3 females and 3 males, were taken in the Moray Firth, or to the 
east of it, 2 off Banff, at a distance of 77 miles, and the others at distances of from 
93 to 107 miles ; 1 of the males and 1 of the females were described as “ spawning,” 
the condition of the reproductive organs of the others not being recorded; a 
male, which was “ripe,” was taken on the north coast, near Strathie Point, at a 
distance of 150 miles; another, also “ripe,” was caught near Cape Wrath, on 
the west coast, at a distance of 194 miles; other females were got at shorter 
distances to the north-west, from 6 to 43 miles; most of these fish were either 
“spent ” or “spawning.” One male, which was “spawning,” was caught north- 
east of St. Abb’s Head. at a distance of 45 miles to the south and west, and another 
20 miles in the same direction. A female, “spent.” was taken 61 miles to the 
north-east, north-east of Kinnaird Head. 

Thus, in this quarter, 68 fishes, or 34°9 per cent., were recaptured ; 60 (88°2 per 
cent.) had migrated an average distance of 61 wiles in the mean direction N. 26° W., 
the average rate of movement being 5:3 miles ; 4 (5°9 per cent.) had moved an 
average distance of 35 miles in the mean direction 8S. 39° W., at a mean rate of 
3'1 miles ; 2 were taken to the north and east, and 2 to the south and east. 

Third Quarter .—In April 1911, 22 of the marked plaice were recovered, 5 males, 
15 females, and 2 whose sexes were not recorded. Thirteen of the fishes were found 
to the north and west, 4 to the north and east, and 5 to the south and west. A 
male was caught in the Moray Firth, at a distance of 10] miles, and a female off 
Banff, at a distance of 77 miles, and | of unknown sex at a distance of about 93 
miles, also in the Moray Firth ; a male was taken east of Noss Head, 104 miles 
away; a female was caught at 115 miles distant, offshore, to the east of the 
Orkneys, and 1 off Cape Wrath, on the west coast, at a distance of 196 miles ; 
most of the remaining fish were found at comparatively short distances to the 
north and west ; a male, of 27-27°7 em.. was taken at the mouth of the Tay, 59 miles 
to the south and west. 

Seven were recovered in May, 4 males and 3 females. The position of 2 of 
the males was unknown; | of the other 2 went to the Moray Firth, and the 
second 18 miles to the south and west; 1 of the females was found 20 miles to 
the south and west, another 34 miles to the north and west, near Buchanness, while 
the third was recaptured on the north coast, off Whiten Head, at a distance of 
156 miles ; it was “spent.” 

Thirteen were take. in June, 3 males, 9 females, and 1 of unknown sex. Seven 
were found to the north and west, 4 to the south and west, and 2 to the aorth and 
east. Two of the males were recaptured in the Moray Firth, at distances of 87 
and about 93 miles, and 2 females, both ‘‘ spent,” were taken to the east of Aus- 
kerry, Orkneys, at distances of 135 and 137 miles; a female, “‘spent,” was caught, 
offshore, north-east of St. Abb’s Head, at a distance of 35 miles to the south and 
west, and a male, described as “‘ ripe, * was taken 32 miles to the north and west, 
near Buchanness ; the remaining fishes had migrated short distances, of from 5 to 
15 miles. 

In the third quarter, therefore, 42 of the fish, or 21-5 per cent., were recovered, 
but the place of recapture of 2 was not ascertained. Of the remairing 40 (20: 5 
per cent.), 23 (57°5 per cent.) migrated an average distance of 58 miles in “the mean 
direction N. 15° W., at an average rate of 3 miles per 10 days; 6 (15 per cent.) 
migrated anaverage distance of 79 miles in the mean direction N. 7° K., at the mean 
rate of 3:9 miles ; “and 11 (27-5 per cent.) moved an average distance of 23 miles 
in the mean direction 8. 59° W., at a mean rate of 1-2 miles. 

Fourth Quarter.—Eleven of the marked fish were recapturéd in July, 3 males 
and 8 females. Seven were taken to the north and west, 3 to the north and east, 
and 1 to the south and west. One of the females was taken in the Moray Firth, at 
a distance of 98 miles ; another, east of the Bell Rock, 33 miles away to the souta 
and west; anda third, 25 miles to the north and east, offshore ; all the other fish 
were found at short distances from the station, from 3 to 13 miles. 

Six were recaptured in August, 4 males and 2 females ; 3 went to the north and 
west, 2 to the north and east, and 1 to the south and west. Two of the males 
were taken in the Moray Firth, at distances of about 93 and 94 miles; a female 
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was caught east of Auskerry, Orkneys, at a distance of 132 miles ; the other 3 had 
moved short distances of 9, 15, and 17 miles respectively. 

A male and 2 females were recovered in September, the male and 1 of the 
females 25 miles and 12 miles respectively to the north and east; the other female 
was taken off Noss Head, in the Moray Firth, at a distance of 104 miles. 

Thus, in the fourth quarter, twenty of the marked fish, or 10:2 per cent., were 
recaptured, 11 (55 per cent.) at an average distance of 41 miles in the mean 
direction N. 16° W.; 7 (35 per cent.) at an average distance of 32 miles in the 
mean direction N. 36° K. ; and 2 (10 per cent.) to the south and west. 

Altogether, within the 12 months after liberatioa, 147 plaice, or 80°5 per cent., 
were got, but the place of capture of 2 was not recorded. Of the remaining 155 
(79°5 per cent), 107 (69 per cent.) were found to the north and west, 27 (17-4 per 
cent.) to the south and west, 18 (11:6 per cent.) to the north and east, and 3 (1°9 
per cent.) to the south and east. 

Particulars of all the marked plaice recaptured within the first 12 months are 
set forth in the following table :— 


| 


ie youl eer Average Range. 
ees Cent. Mean Average'|Rate per) )) 
Quarter. Direction.| “€ 2 | of Direction. | Distance | 10 Days 
so Total. (miles). | (miles). |Distance.| Rate. 
I. Oct. 1910. | N. and E. 3 LV eNe OnE: 22 9°7 |10°5-29°5; 2-19°6 
Nov. 1910. | N. and W.} 13 481 | N. 31° W. 29 nal 7-104 | 2°5-27 
Dee. 1910. |S. and E. 1 37 | 8. 14° E. 48 12 ie 
S.and W.] 10 37 S. 63° W. 21 85 4-49 | 1°7-25°2 


27 13°9 
++ TI. Jan. 1911. N. and E. 2 229 Ne 23° Ry. 44 3 28-61 1°7—4:2 | 
Feb. 1911. |N. and W.] 60 | 882 ]N.26°W.] 61 53 | 6:5-197| -4-16°6! 
Mar. 1911. |S. and E. 2 2:9) S. 9°-B. 7/ 16 ae 1°4-1°8 
S. and W. 4 5:9 | S. 39° W. j 35 oul 15-59 15=5:7 
68 34°9 
III. April 1911. | N. and E. 6 15 Nae BE: 79 3°9 12-137°5 7-6°9 
May 1911. N. and W. 83 Sed) TON. 52 We 58 3 5—196:5) -2—10:3 
June 1911. |S. and E. Nil. 
S.and W.; l1 27°5 | S. 59° W. 23 12 3°5-59 2=3°5 
40 | 20°5 
IV. July 1911. N. and E. ui 35 IND O62 1B). 32 Lele Seo — 132 1-4'6 
Aug. 1911. | N. and W. ue 55 N. 16° W. 4] 1°4 4-104:5} °1-3°8 
Sept. 1911. | S. and E. Nil. 
S. and W. 24 10 S. 63° W. 24 8 15-33 “5-1-2 
20 10-2 
1 =i 
SUMMARY. N. and E. 18 11°6 
N. and W.| 107 69 
S. and E. 3 1:9 


S. and W. ai 17°4 
=155 79°5 | 


Of the remaining fish, 4 were recaptured in the remainder of 1911. In October 
a male was caught 38 miles to the north and west, off Buchanness, and a female 
24 miles to the south and west. In November, a male, “‘nearly ripe,” was taken 
8 miles N.N.W. of Cape Wrath, at a distance of 190 miles. In December, a female, 
also “nearly ripe,” was got off Noss Head, Moray Firth, at a distance of 100 miles. 

Twenty-nine were recovered in 1912. In January, a male, “nearly ripe,” was 
caught north-east of Kinnaird Head, at a distance of 72 miles. Ten were taken in 
February, 6 males, 3 females, and 1 of unknown sex. Seven had migrated to the 
north and west, 2 to the north and east, and 1 to the south and west. Four, 2 males, 
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a female, and 1 of unknown sex, were recaptured in the Moray Firth, at distances 
of from 105 to 117 miles ; the female was “‘ ripe,” one of the males “ about ripe,” 
and the other “three-parts ripe”’; a male, “ripe,” was taken west of the Orkney 
Isles, at a distance of 146 miles; a female, which had migrated 26 miles to the 
north and west, was “‘ spawning,” and a male, found 22 miles to the south and 
west. was “nearly ripe”; the other 3 fish had moved distances of only 6, 7, and 
8 miles respectively. Two males and 3 females were recovered in March. Two 
of the females were taken in the Moray Firth, at distances of about 93 and 108 
miles ; in neither was the condition of the ovaries ascertained ; a male, “ ripe,” 
was caught to the south-east of Auskerry, Orkneys, at a distance of 127 miles ; 
another male, also “ripe,” was got off Buchanness, at a distance of 32 miles to 
the north and west ; and a female, ‘‘ partly spent,” at a distance of 10 miles to 
the north and west. A male and a female were taken in April, the male, “spent,” 
at a distance of only 5 miles to the north and west; the female, also “ spent,” 
near the Pentland Skerries, 114 miles to the north and west. In May, a female, 
“spent,” was captured 52 miles to the north and east, off Rattray Poiat. Three 
females and a male were taken in June, 1 female “spent,” off Noss Head, 
Moray Firth, at a distance of 98 miles; another, 25 miles to the north and 
east, off Buchanness ; and the third, 15 miles to the south and west; the 
male, off Auskerry, Orkneys, at a distance of 127 miles to the north and east. 
Two females were recovered in August, both to the north and east, | at a 
distance of oaly 74 miles, and the other offshore, south-east of Buchanness, at a 
distance of 39 miles. A female was taken in September, 8 miles north-west from 
Fair Isle, at a distance of 157 miles to the north and east. In October, another 
female was got 9 miles south-east from Fair Isle, at a distance of 150 miles to the 
vorth and east. In November, a female was caught 64 miles to the north and 
west. In December, another female was taken 8 miles in the same direction ; both 
were “nearly ripe.” 

Two were recaptured in 1913, both in March, a female, offshore, north-east of 
Kinnaird Head, at a distance of 77 miles to the north and east, and a male on the 
north coast, 5 miles north of Sandside, at a distance of 148 miles north and west ; 
the condition of the ovary of the female was not recorded; the male was “ spawn- 
ing.” 

a males were recaptured in 1914, 1 in January, 8 miles to the north and 
west, an the other in June. 10 miles south-east of Fair Isle, at a distance of 146 
miles to the north and east ; the former was “ three-quarters ripe,” and the latter 
“ spent.” 

The following table shows the particulars of distance and direction in each 
quadrant for all the fish of the experiment :— 


[TaB.e. 


| NG OF Aggregate | Average 


. i : Mean 
Quadrant. Sex. : Distance Distance Sees 
Fish. (miles). (miles) Direction. 
N. and E. Adult Males. 8 542 68 N. 18° E. 
Adult Females. 24 1445 60 IN. 282. E. 
32 1987 62 N. 25° E 
N. and W. Adult Males. 50 3558 71 INGE 
Immature Males. 3 207 69 N. 24° W. 
Adult Females. 42 2220 53 N. 22° W. 
Immature Females. 27 877 32 N. 43° W. 
? Sex. 6 556 93 INS 22 We 
128 7418 58 N. 85° W. 
S. and E. Adult Males. 2 65 32 SeUoob: 
Adult Females. ] 17 17 S. 9° E. 
3 82 oT Sy lO 18 
S. and W. Adult Males. 9 201 22 S. 55° W. 
Immature Males. 2 69 34 S. 81° W. 
Adult Females. 12 303 25 8. 54° W. 
Immature Females. 6 126 21 S. 61° W. 
? Sex. 1 15 15 8. 81° W. 
30 714 24 8. 28° W 
SUMMARY. 
N. and E. 32 1987 62 N. 25° E. 
N. and W. 128 7418 58 N. 85° W. 
S. and E. 3 82 27 Sa loab 
S. and W. 30 714 24 S. 28° W. 
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Distances travelled—10 miles and under.—Thirty-one fish, or 16:1 per cent., 
were found within distances not exceeding 10 miles, namely, 10 males (13-5 per 
cent.), with an average distance of 6°35 miles, and 20 females (17:8 per cent.), with 
an average of 76 miles, and 1 of unknown sex, which was found at a distance of 
83 miles. 

10 to 20 miles —Thirty-nine fish, or 20°2 per cent., were got at distances of from 
103 to 183 miles, namely, 11 males (14:9 per cent.), with an average distance of 
14:5 miles, and 27 females (241 per cent.), with a mean of 13°5 miles, and 1 of 
unknown sex, at a distance of 154 miles. 

Thus, 70 of the marked plaice, or 36°3 per cent., were recovered at distances 
under 20 miles, 21 (284 per cent.) being males, with an average distance of 10°6 
miles, and 47 females (41-9 per cent.), with a mean of 11 miles, and 2 of undis- 
tinguished sex with an average of 12 miles. Twelve of the males, 31 of the females, 
and | of undetermined sex were found to the north and west, 2 males and 7 females 
to the north and east, 6 males, 8 females and 1 of unknown sex to the south and 
west, and 1 male and | female to the south and east. 

20 to 50 miles.—Forty-seven of the marked fish, or 24°3 per cent., were 
recaptured at distances of from 20 to 49 miles, viz. 15 males (20°3 per cent.), with an 
average of 33°6 miles, and 32 females (28°6 per cent), with an average of 31°7 miles. 
Eight males and 16 females went to the north and west, 2 males and 7 females to 
the north and east, 4 males and 9 females to the south and west, and 1 male to the 
south and east. 


50 to 100 miles.— Forty of the fish, or 20°7 per cent., were recaptured at distances 
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of from 50 to 100 miles, viz. 20 males (27 per cent.). with an average of 82:1 miles, 
17 females (15°2 per cent.), with an average of 80°5 miles, and 3 (42°8 per cent. ) 
of unknown sex, with an average of 78°5 miles. Righteen males, 13 females, 
and 3 of unknown sex were found to the north and west ; 1 male and ) females 
to the north and east; 1 male and 1 female to the south aod west. Eighteen 
of the males, 12 of the females, and 2 of unknown sex, or 32 altogether of the 40, 
were recaptured in the Moray Firth. 

Over 100 males.—Thirty-six fish, or 18°6 per cent., were recovered at distances 
of from 101 te 197 miles, namely, 18 males (24°3 per cent.), with an average of 126°8 
miles, 16 females (14°3 per cent ). with a mean of 131-4 miles, and 2 of undetermined 
sex (28°6 per cent.), with an average of 156°5 miles. Fifteen of the males, 8 of the 
females, and the 2 of unknown sex had migrated to the north and west ; 3 males 
and 8 females to the north and east ; none was found to the south and west, nor to 
the south and east. Eight males, 5 females, and 1 of the unknown sexes were 
recaptured in the Moray Firth, mostly off the coast of Caithness, and 2 of the males 
just outside the limits of the firth. Two males and 2 females were taken on the 
north coast of Scotland. Three males and 3 females were got in the neighbourhood 
of the Orkney Isles. One male and 2 females were taken near Fair Isle, and 2 males 
and 1 female off Cape Wrath, on the west coast. A female was caught at the 
entrance to the Pentland Firth, and another far offshore to the east of Noss Head. 


MaTurRIty. 


Males.—Of the 76 males recaptured, the condition of the testes was ascertained 
in 60. Nine were “spawning”; 7 of them were caught in the Moray Firth, 6 
near Banff, at a distance of 77 miles, and 1 on the Caithness coast. at a distance of 
104 miles; 1 was recaptured off Sandside, on the north coast of Caithness, at a 
distance of 148 miles, and 1, 45 miles to the south and west, to the east of the Firth 
of Forth. Two were taken in January 1911. 4 in February 1911, 2 in March 1911, 
and 1 in March 1913. 

Sixteen were “ripe,” of which 7 were recaptured in the Moray Firth, 3 at Banff, 
at a distance of 77 miles, and the others at distances of from 101°5 to 107 miles. 
One was got on the north coast, at a distance of 1503 miles, 2 off Orkney, at distances 
of 127 and 146 miles, | off Cape Wrath, at a distance of 194 miles, 2 off Buchanness, 
at 32 miles distant, 1, 4 miles to the north and west of the station, and 1, 17 miles 
to the south and east ; the locality of recapture of the remaining fish was not ascer- 
tained. Hight of these were taken in February 1911, 1 in February 1912, 2 in 
March 1911, 2in March 1912, 1 in May 1911, lin June 1911, and 1 in July 1911. 

Five were described as “ spent,” 1 taken in June 1914, after 1362 days, near 
Fair Isle, at a distance of 146 miles, and the others at, respectively, 5, 15, 17, and 
29 miles to the north and west, 3in March 1911, and 1 in April 1912. 

Hight were “nearly ripe.” ‘Two were recaptured in the Moray Firth at dis- 
tances of 78 and 105 miles, 1 near Cape Wrath, at a distance of 190 miles, 1 to the 
north of Rattray Point, at a distance of 72 miles, 2 off Buchanness, at distances of 32 
and 38 miles, 1, 83 miles to the north and west ; the remaining male was recaptured 

22 miles to the south and west. One of these fiah was got in January, 41in February, 
1 in October. 1 in November, and | in December. 

Two were described as “three-quarters ripe,’ 1 taken in the Moray Firth in 
February 1912, at a distance of 117 miles, and the other in January 1914, 8 miles 
to the north and west. 

Fourteen were described as “immature.” Two were recovered in April, both 
to the south and west, at distances of 33 and 32 miles respectively ; 2 were caught 
in May, the place of recapture of 1 being unrecorded, the other being taken 18 miles 
to the south and west. Two were taken at considerable distances, 1 in the Moray 
Firth, in August 1911, 94 miles away, and the other in June 1912, off Auskerry, 
Orkneys, at 127 miles distant. 

Females.—Of the 112 females recovered, the condition of the reproductive organs 

was ascertained in 92. 

Hight were “spawning”; 6 were recaptured to the north and west, 1 to the 
south and west, and 1 to the north and east. One was taken in the Moray Firth, 
off Banff, at a distance of 77 miles; another off Stronsay, 140 miles distant to the 


oe 


189 


north-east ; 1, 20 miles to the south and west, and the others at distances of from 
10 to 32 miles to the north and west. One was captured in February, 6 in March, 
and 1 in April. 

Two were “ripe,” 1 got 59 miles to the south and west, off the Isle of May, in 
February 1911, and the other in the Moray Firth, at a distance of 105 miles, in 
February 1912. 

Twenty-one were said to be “spent ” ; 9 were recaptured to the north and west, 
at distances of from 13 to 196 miles, the latter in the neighbourhood of Cape Wrath ; 
another was taken on the north coast, off Whiten Head, at 156 miles distant; 1 off 
the Pentland Skerries, at 114 miles, and 2 in the Moray Firth, at 77 and 98 miles 
distant respectively. Nine were recovered to the north and east, 2 at Auskerry. 
Orkneys, at 135 and 137 miles distant : 1 north of Rattray Point, at a distance of 
52 miles; 1 east of the Orkneys, at a distance of 115 miles ; another off Kinnaird 
Head, at 61 miles distant, and the others at distances of from 12 to 30 miles; 3 
were taken at 153, 33. and 35 miles to the south and west. Of these fish, 4 were 
caught in March, 8 in April, 2in May, 5 in June, | in July, and 1 in August. 

Hight of the females were described as “nearly ripe”; all were taken to the 
north and west, 5 in the Moray Firth, off Banff and Whitehills, at a distance of 77 
and 78 miles, 1 off the Pentland Firth, at 100 miles distant, and 2 at short distances 
from the station, namely, 64 and 8 miles. Four of these fish were taken in January, 
1 in February, 1 in November, and 2 in December. 

Twenty were “immature.” One, of 39-39°6 cm., was caught in January 1911, 
15 miles to the south and west ; 1, of 39-41:7 cm., was taken in March 1911, 12 miles 
to the north and west ; 2 were got in April 1911, 1 measuring 37°5-40-1 em., 12 
miles to the north and west, and 1, of 36°5-38°9 cm., 33 miles to the north-west ; 
and 1, of 37°-5-40:1 em., in May 1911, 20 miles to the south and west. All the others 
were taken outside the limits of the spawning season. 

Among the females under the size assigned for first maturity, viz. 38 cm., 1 was 
“ripe,” 1 “nearly ripe,” 3 “spent,” and 1 “spent or immature.” The “ripe” 
fish measured 37:5-37-8 cm., and was taken in February 1911, after 103 days, 163 
miles to the westwards ; the “‘ nearly ripe” plaice measured 37-36°9 cm., and was 
got in January 1911, after 95 days, in the Moray Firth, at a distance of 97 miles. 
All those described as “ spent ”’ were taken in March 191], and all to the north 
and west ; 1, of 36°5-37-7 cm., at a distance of 63 miles; another, of 37-37:9 cm., 
at a distance of 74 miles ; a third, of 37-37-4 cm., at a distance of 15 miles, and the 
fourth, which was “ spent or immature,” measuring 36°5-37-2 cm., at a distance of 
133 miles. 

Among those whose sexes were unknown was one described as “ spawning ” ; 
it measured 39°5-39 cm., and was captured in February 1911, after 130 days, off 
Cape Wrath, on the west coast, at a distance of 197 miles. 


EXPERIMENT III. 
19th July 1911. 


The number of plaice marked and liberated in this experiment was 109, of which 
49 were males and 60 were females. The sizes of the males ranged from 23-5 to 
43-5 em., and of the females from 24°5 to 47°5cem. On liberation 35 of the males 
and 37 of the females were under the adult size 

The numbers marked and recaptured, arranged in 5-cm. groups, were as 
follows :— 


cm. cm. cm. cm. ecm. 
25-30°5 31-35°5 36-40°5 4]-45'5 46—-50°5 Total. 
fib. . : F ros 10 21 9 ] 60 
F. Recap. : 5 67 5 16 6 1 34 
M. Lib. . ; ; 338i 10 3 3 — 49 
M. Recap. : : 148 6 2 1 — 23 
* Two at 24:5 cm. f One at 24:5 em. 


t One at 23-5 and | at 24:5 cm. § One at 23:5 cm. 
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The fish used in this experiment were caught in Cruden Bay, Aberdeenshire, 
on the 18th July, at 9 p.m., and they were liberated on 19th July, at 2a.m. Two 
died in the tanks on the way. 

The number recaptured was 57, or 52°3 per cent., rather a low proportion. 
Twenty-three (46°9 per cent.) were males, and 34 (56:7 per cent.) were females. 

Of the males, 10 were of adult size on recapture, ranging from 33°7 to 44:8 cm., 
and averaging 38-7 cm., in comparison with a range of from 29 to 41 cm. and an 
average of 34:4 cm. on liberation; they were free for from 15 to 883 days, the 
mean being 380 days; they migrated distances of from 8 to 102 miles, the mean 
being 39-3 miles, and the average rate of travel was 1 mile per 10 days. 

Thirteen of the males were under adult size, averaging 28°5 cm., and ranging 
from 23:8 to 32 cm., compared with a range of from 23°5 to 33 cm. and an average 
of 27:7 cm. on liberation ; they were at liberty for from 9 to 323 days, the mean 
period being 83 days, and they moved journeys of from 6 to 55 miles, the average 
being 26:2 miles, and the mean rate was 3°15 miles. 

Twenty-three of the females were of adult size on recapture, ranging from 38°6 
to 46:9 cm., and averaging 41°8 em., as compared with a variation of from 31 to 
47°5 cm., and an average of 38:9 cm. on liberation ; their periods of freedom varied 
from 13 to 701 days, the average being 275 days; they travelled from 4 to 169 
miles, the average being 31-1 miles, and the mean rate was |-1 miles per 10 days. 

Eleven were under the adult size, the average length being 31-4 em., and the 
range from 25 to 37:9 em., compared with a range of from 24°5 to 37°5 em., and a 
mean of just 30°9 em. on liberation ; they were free for from 10 to 209 days, the 
average being 91°5 days, and the distances migrated were from 4 to 52 miles, the 
average being 24-9 miles. and the mean rate of movement 2°7 miles. 


THe Extent AND DIRECTION OF MIGRATION. 


First Quarter.—In the remainder of July, 5 of the marked fishes were recaptured, 
2 males and 3 females, but the particulars in regard to 1 of the females were 
not recorded. The 2 malesand 1 of the females wece found to the northwards 
at distances of froni 83 to 124 miles ; the other female was got 15 miles to the south 
and slightly to the east. 

In August, 10 were recovered, 7 males and 3 females. Two of the females 
and 4 of the males were taken to the south and west, at distances of from 11 to 41 
miles, the rates of movement varying from 7°3 to 17°8 miles per 10 days. One 
male went to the east of the Bell Rock; the other 3 males and the remaining 
female were found to the westwards and slightly northwards, at distances of from 
4 to 29 miles. 

Two males and 4 females were recaptured in September, both the males and 
two of the females to the south and west, and 2 females to the north and west. One 
of the males and one of the females were caught off St. Andrew’s Bay, west of the 
Bell Rock, at distances of 52 and 55 miles; one of the females was caught to the 
east of the Isle of May, at a distance of 51 miles ; the other male was recaptured 
east of the Bell Rock, at a distance of 34 miles; the 2 females which moved to 
the north and west were found at distances of 4 and 19 miles respectively. 

In this quarter. 21 of the marked plaice, or 36°8 per cent., were recaptured, the 
position of capture of 20 (351 per cent.) being recorded. Ten (50 per cent.) were 
found at an average distance of 31 miles in the mean direction 8. 59° W.; 9 (45 
per cent.), 114 miles in the mean direction N. 73° W.; and 1, 15 miles S. 1° E. The 
general feature on the chart showing the lines between the station and the place 
of capture is the movemert westward: and south-westwards, towards the coast and 
the mouth of the Firth of Forth. None was recaptured to the north of a line 
between the station and Aberdeen. With two exceptions, all the males were under 
the adult size on recapture, while 3 females were over adult size. The repro- 
ductive organs in all case where their condition was recorded were “immature ” or 
“very immature.” 

Second Quarter —One male and 3 females were got in October, the male and 1 
of the females to the south and west, and 2 females to the north and west. Of the 
2 females captured to the north and west, 1 was found at a distance of only 
6 miles ; it measured 36°5-38°8 cm., and was “nearly ripe” ; the other, of 41°5- 
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41:6 cm., was taken near Aberdeen, at a distance of 264 miles, and was “ rather 
immature.” The male, of 26°7 cm., and “ very immature,” was taken to the 
south-west of the Bell Rock, at a distance of 47 miles ; and the remaining female, 
ofishore, to the east of the Isle of May, at a distance of 35 miles ; it measured 
42-5-42°8 cm., and was “ nearly ripe.” 

Seven were taken in November, ] male and 6 females. The male and 3 of the 
females were got to the north and west, 2 of the females off Aberdeen, at distances 
of 25 and 28 miles respectively, and both were “‘ nearly ripe”; the other female 
was found 4 miles to the north and west, and the male, which was “about half 
ripe,’ 17 miles to the westwards. Of the 3 females which migrated to the 
south and west, 1 was found east of the Isle of May, at a distance of 52 miles ; it 
measured 30 cm., and was “ immature”; the other 2, also under adult size, were 
found near Montrose, at a distance of 39 and 42 miles. 

Oaly 1, a female, of 39-40°4 em., and “ half ripe,” was got in December, 7 miles 
to the north and west. 

Thus, in the second quarter, 12 of the marked plaice, or 21 per cent., were 
recaptured, 7 (58°3 per cent.) at an average distance of 162 miles in the mean direc- 
tion N. 45° W., and 5 (41-7 per cent.) at an average distance of 43 miles in the mean 
direction 8. 60° W. The feature of the chart is much the same as in the first quarter, 
none of the fish beg found north of Lat. 57° 15’ N. 

Third Quarter —A male, described as “three-quarters ripe,’ was taken in 
January 1912, to the north-east of the Bell Rock. at a distance of 24 miles to the 
south and west ; it measured 29-5-31°8 em. 

Two males and 2 females were recaptured in February, | of the males 163 miles 
to the north-east, the other male and the 2 females to the north and west, at dis- 
tances of 7 and 10 miles One of the females, which moved 7 miles, was “ fully 
ripe,’ and measured 38-39°2 cm. 

None was taken in March. : 

In this quarter, therefore, only 5 of the marked plaice, or 8°8 per cent., were 
recovered, 3 at an average distance of 9 miles in the mean direction N. 51° W., 1 to 
the north-east and 1 to the south and west. The chart shows a change from the 
previous quarters, 4 of the 5 fish being taken to the north of the station, but none 
north of Lat. 57° 57’ N. 

Fourth Quarter —A male and 3 females were got in April, | of the females to the 
north and east, at a distance of 26 miles, and all the others to the north and west, 
at distances of 7, 9,and 13 miles respectively. One of the females was described 
as “spent”; it measured 37°5-40 cm., and was found 13 miles to the north and 
west. 

In May, a male, “spent,” was recaptured in the Moray Firth, at a distance of 
100 miles to the north and west. 

In June, a male and two females were taken, the male 30 miles to the north and 
west, 1 of the females 12 miles to the north and east, and the other 15 miles to the 
south and west. 

In this quarter, 8 of the marked plaice, or 14 per ceat., were recovered, 5 (62°5 
per cent.) at an average distance of 32 miles in the mean direction N, 24° W.; 2 
(25 per cent.) 19 miles in the mean direction N. 49° E. ; and 1 to the soutn and west. 
All but one were fouad to the northwards of the station. 

Thus, in the first 12 months after liberation, 46, or 80°7 per cent., were 
recaptured, the positions of 45 (78°9 per cent.) bemg known. Twenty-four (53°3 
per cent.) were got to the north and west ; 17 (37-8 per cent.) to the south and west ; 
3 to the north and east ; aad | to the south and east. 


[TAaBLE. 


The following table sets forth these particulars for the first year :— 


a 
ie sila er, Average Range. 
= S| Cent. Mean Average | Rate per 
Quarter. Direction. | © & of | Direction. |Distance| 10 Days 
eS © |Total. (miles). | (miles). |Distance.| Rate. 
I. July 1911. | N. and E. Nil. 
Aug. 1911. | N. and W. 9 45° | N. 73° W. ilihs'55 6-7 4-29 8-145 
Sept. 1911. |S. and E. 1 iP W(ifSh. 1 1B. 15° 15: at : 
S.and W. | 10 50° | S. 59° W. 31 10° 11-55 | 5:2-17°8 
20 35°1 
II. Oct. 1911. | N. and E. Nil. 
Nov. 1911. | N. and W. 7 58°3 | N. 45° W. 16:2 11955 4-28 3-3°3 
Dec. 1911. |S. and E. Nil. 
S. and W. 5 41-7 | 8S. 60° W. 43° 3°8 | 35-52°5| 3:°0-4:65 
12 21:05 


Ill. Jan. 1932. | N. and E. 


1 20 N. 9° E. 16°5 7 ete 
Feb. 1912. | N. and W. 3 60° N. 51° W. 9: 4 7-10 3-5 
Mar. 1912. |S. and E. Nil. 
S. and W. 1 20: S. 56° W. 24° 1°24 
5 8.8 
IV. April 1912. | N. and E. 2 25 N. 49° E. 19° °65 | 12-26°5} 36-95 
May 1912. | N. and W. 5 62:5 | N. 24° W. BYP 1:06 7-100 4 ro 
June 1912. |S. and E. Nil. 
S. and W. 1 Loess We 15° “44 
8 14:0 
SUMMARY. N. and E. 3 6:7 
N. and W.| 24 53°3 
S. and E. 1 2:2 
S. and W. 17 37'8 
9 
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The remaining plaice of the experiment were recaptured as follows; :—Four in 
the remainder of 1912, and 7 in 1913. 

A female was caught in September 1912, after 422 days, 9 miles to the south 
and west, and another in October, afte: 461 days, 29 miles to the south and west. 
In November, a male was taken far offshore, north-east of Kinnaird Head, at a 
distance of 102 miles to the north and east ; it measured 32°5-38'1 em., and was 
“about half ripe ” ; a female, described as “‘ mature,” was also taken in November, 
ofishore, to the south-east, at a distance of 28 miles. 

Two females were recovered in February 1913, 1 of 37-45:4 em., and “ rather 
immature, ” to the north-east of the Orkneys , at a distance of 169 miles to the north 
and east ; and the other, measuring 35-41°3 em., and “immature,” 133 miles to 
the north and west. In April, a female of 31-40°8 cm., and “nearly ripe,” was 
recaptured 30 miles E. by 8. $8. of Hartlepool, at a distance of 138 miles to the 
south and west. In June, a male and a female were taken, the male 30 miles to 
the south and west, to the east of the Bell Rock, and the female, described as “‘spent,”’ 
33 miles to the north and west. A male was got in October, off Kinnaird Head, at 
a distance of 65 miles ; it was said to be “nearly ripe.” The last fish from the 
experiment was a male, caught in December 1918, after 883 days, 41 miles to the 
south and west, north-east of the Isle of May; it was “nearly ripe,” and measured 
34-44°8 cm. 

The following table sets forth the particulars of distance and direction in each 
quadrant for all the fish of the experiment :— 


(TABLE. 


= 


| 
Aggregate Average 
Quadrant. | Sex. nee Ee Distance Distance Pie 
Son (miles). (miles). recur. 
N. and E. Adult Males. eae, 167 83 N. 36° E. 
Immature Males. 1 16 16 N= 9358! 
Adult Females. 3 207 69 N. 36° E 
6 390 65 N. 312 BE 
N. and W. Adult Males. 5 144 29 N. 49° W. 
Immature Males. 5 85 17 N. 64° W. 
Adult Females. 11 169 15 N. 42° W. 
Immature Females. 5 49 10 N. 67° W. 
26 447 17 IN. 52° W. 
S. and FE. Adult Females. 1 28 28 SE PH OIBE 
Immature Females. 1 15 15 So. eh 
2 43 21 Sal4ch 
S. and W. Adult Males. 3 82 27 S. 44° W 
Immature Males. a 238 34 S..61° W. 
Adult Females. 8 309 38 8. 53° W. 
| Immature Females. 4 184 46 S. 69° W. 
22, 813 37 S. 57° W 
SUMMARY. 
N. and E. 6 390 65 IN SosR 
N. and W. 26 447 Wi N. 52° W. 
S. and E. 2 43 21 Spal Sais 
S. and W. 22 813 37 S. 57° W. 


Distances travelled—Under 10 miles—Fourteen, or 25 per cent., were recaptured 
at distances not exceeding 10 miles, 5 males (21-7 per cent.). with an average of 8:3 
miles, and 9 females (27:3 per cent.), with an average of 6-4 miles. All the males 
and 8 of the females were found to the north and west, and 1 of the females to the 
south and west. 

10 to 20 miles.—Fourteen, or 25 per cent., were taken at distances of from 11 to 
19 miles, 5 males (21-7 per cent.), with an average of 14:6 miles, and 9 females (27°3 
per cent.), with an average of 14:5 miles. Two of the males and 4 of the females 
went to the north and west ; 2 of the males and 3 of the females to the south and 
west ; 1 male and 1 female to the north and east ; and a female to the south and 
east. 

Twenty-eight of the fish, therefore, or 50 per cent., were recaptured at distances 
under 20 miles, viz. 10 males (43-5 per cent.), with an average distance of 11:45 miles, 
and 18 females (54'5 per cent.), with a mean distance of 10-5 miles. 

20 to 50 miles.—Nineteen, or 33°9 per cent., were recovered at distances of from 
21 to 47 miles, 9 males (39-1 per cent.), with an average of 33 miles, and 10 females 
(30-3 per cent.), with an average of 31 miles. Seven of the males and 4 of the 
females were found to the south and west ; 2 of the males and 4 of the females to the 
north and west ; 1 female to the south and east, and 1 to the north and east. 

50 to 100 miles.—Six, or 10°7 per cent., went from 51 to 100 miles, 3 males (13 
per cent.), with a mean of 73°3 miles, and 3 females (9:1 per cent.), with an average of 
52 miles. All the females were found to the south and west, opposite the mouth of 
the Firth of Forth, or St. Andrew’s Bay; 1 male was taken in the Moray Firth, 1 
north of Kinnaird Head, and 1 off St. Andrew’s Bay. 
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Over 100 miles.—Three, or 5-3 per cent., were got at distances over 100 miles, 
a male, far ofishore, 102 miles in the mean direction N. 71° E., and 2 females, 1 near 
Fair Isle, at a distance of 169 miles to the north and east, and the other off Hartle- 
pool, at a distance of 138 miles to the south and west. 


MATURITY. 


Males.—Of the 23 recaptured, the condition of the testes was ascertained for 21. 
None was described as “ripe.” Two were “nearly ripe,” 1 taken in December 
1913, 41 miles to the south and west, and the other in October 1913, 65 miles to the 
north and east. 

One was said to be “spent”; it was got in the Moray Firth, at a distance of 
100 miles, in May 1912. 

Two taken in November were described as ‘‘ about half ripe,” 1, 17 miles to the 
north and west, and 1, 102 miles N. 71° E. 

One of those described as “immature ” was taken in April 1912, 9 miles to the 
north and west ; it measured 29°5-33°7 cm. 

Among the males under 33 cm. on recapture was 1, of 29°5-31°8 cm., taken in 
January 1912, 24 miles to the south and west, and described as “ three-quarters 


ripe.” 
Females.—The condition of the ovaries was recorded in 30 of the 34 females 
recovered. One was “fully ripe”; it was caught in February 1912, 7 miles to the 


north and west, and measured 38-39-2 cm. ; another, of 38°5-42 cm., was “ripe,” 
and was caught on 5th November 1912, 28 miles to the south and east. 

Two were “spent”; 1, of 37:5-40 cm., caught in April 1912, 13 miles to the 
north and west, and the other, of 47-5-43°3 cm., 33 miles to the north and west. 

Five were “nearly ripe,” 3caught at distances of 6, 25, and 28 miles to the north 
and west, 1 in October 1911, and 2 in November 1911; 1 in October 1911, 35 miles to 
the south and west, and 1, in April 1913, after 634 days, off Hartlepool, 138 miles 
to the south and west. 

Among those of adult size which were “immature” on recapture were the 
following :—Two taken in February, measuring respectively 35-41°3 cm. and 
37-45-4 cm., at distances of 133 miles to the north and west, and 169 miles to the 
north and east ; 2 in April 1912, 1, of 37-5-40-4 cm., 7 miles to the north and west, 
and 1, of 39°5-42-1 cm., 26 miles to the north and east. 


¢ ? 


EXPERIMENT IV. 
6th July 1912. 


In this experiment, 100 fish were marked and liberated, 49 males, 50 females, 
and 1 whose sex was not ascertained. The sizes of the males ranged from 29 to 41 
cm., and 20 were under the adult size ; the sizes of the females ranged from 28°5 
cm. to 60 cm., and 35 were under the adult size on liberation. 

: The numbers liberated and recaptured, arranged in 5-cm. groups, are as 
ollows :— 


cm. cm. cm. cm. cm. cm. cm. 
25-30°5 31-35°5 36-40-5 41-45:5 46-50°5 51-55:5 56-60°5 ‘Total. 
F. Lib. ; : J 23 11 3 3 1 2 50 
F. Recap. . : 3 15 6 1 3 1 2 31 
M. Lib. : Ese 29 8 1 = — — 49 
M. Recap. . : 5 19 6 1 — — — 31 
bibs 3 -_ = 1 — — — — == 1 
? Recap. ; ._ = — — — — = a 0 


The fish used in this experiment were taken in Kirkcaldy Bay, in the Firth of 
Forth, on 5th July, and were marked and placed in tanks between 3:5 and 3°30 
p-m. They were liberated at 8-20 p.m. on the 6th, 10 of them having died in the 
tanks in the interval. 

The number recaptured was 62, or 62 per cent., viz. 31 males (633 per cent.) 
and 31 females (62 per cent.). 
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Twenty-eight of the males were of adult size on recapture, ranging from 33:2 
to 44 cm., and averaging 37 cm., as compared with a range of 29 to 41 cm., and an 
average of 34:7 cm. on liberation ; they were free for from 5 to 822 days, the mean 
being 291 days; they migrated distances of from 5 to 172 miles, the-mean being 
60-7 miles, and the average rate of movement 2:1 miles. Three were under the 
adult size, averaging 30°9 cm., as compared with 30-2 cm. on liberation ; they 
were at liberty for a mean period of 124 days, and moved a mean distance of 30-2 
miles at an average rate of 2°4 miles. 

Eighteen of the females were of adult size, averaging 46°3 cm. and ranging 
from 38:5 to 60:2 cm., as compared with an average of 42°3 cm. and a range of 31°5 
em. to 60 cm. on liberation ; they were at liberty for from 39 to 1188 days, the mean 
being 382 days; they moved distances of from 8 to 106 miles, the average being 
35°8 miles, and the mean rate of movement °9 mile. Thirteen were under the adult 
size, ranging from 29°8 to 37-4 cm., and averaging 33:7 cm., as compared with a 
range of from 29°5 to 36 cm., and a mean of 32:2 cm. on hberation ; they were free 
for from 28 to 362 days, the average being 190 days; and they travelled journeys 
of from 7 to 70:5 miles, the average being 43-7 miles, and the mean rate 2°3 miles. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter—Two males were got in the same month as they were liberated, 
1, 104 miles to the south and east, and the other 19 miles to the north and west. 

Four females and 1 male were taken in August, the male 9 miles to the north and 
east, and all the females to the south and west, at distances of from 24 to 54 miles. 
Three of them were recovered near the Bell Rock, 2 to the west of it, towards St. 
Andrew’s Bay, at distances of 52 and 54 miles, and the other to the south-east of it, 
at a distance of 47 miles. The fourth female, described as “ spent,” was found 
at a distance of 24 miles. 

One male and 5 females were recaptured in September, the male 163 miles to the 
south and east, and 1 of the females 34 miles in the same direction, in the offshore 
waters ; of the other females, 1 was taken 11 miles directly west ; another, near Tod 
Head, 30 miles to the westwards; a third, 24 miles to the south and west; the 
fourth, 57 miles to the south and west, to the north of St. Abb’s Head. On the 
chart, the lines of movement, with a few exceptions, are towards the coast, spread- 
ing out between Tod Head and St. Abb’s Head. 

In this quarter, 13 of the marked plaice, or 20-9 per cent., were taken, 6 at an 
average distance of 43 miles, in the mean direction of 8. 65° W.; 3 (23:1 per cent.) 
to the south and east, 2 to the north and west (N. 77° W.), 1 west, and 1 north and 
east. 

Second Quarter —Three males and a female were recovered in October, | of the 
males to the north and west, and the other fish to the south and west, the female 
at a distance of 23 miles, 1 of the males at 24 miles, and another at 44 miles, near the 
Bell Rock ; the remaining male was taken near Tod Head, at a distance of 30 miles 
to the west and south. 

Three males and 1 female were taken in November, 1 of the males near Tod 
Head, 30 miles to the westwards, and all the others to the south and west, 1 of the 
males at a distance of 20 miles, another south-east of the Bell Rock, at a distance 
of 41 miles, and the female off Dunbar, 65 miles to the south and west. 

Two males were caught in December, 1, “nearly ripe,” off Aberdeen, at a distance 
of 23 miles to the north and west ; the other, 27 miles E. 3S. of Hartlepool, at a 
distance of 133 miles to the south and west. 

In this quarter, 10, or 16-1 per cent., were recaptured, 7 (70 per cent.) to the 
south and west for an average distance of 50°3 miles, the mean direction being S. 
54° W.; 3 (30 per cent.) were got to the north and west, the mean distance being 
28 miles in the mean direction N. 66° W. The chart shows much the same condi- 
tion as in that for the previous quarter, only 1 marked plaice being caught to the 
north of the station. 

Third Quarter —In January 1913, 3 males and a female were recaptured. The 
female, measuring 33-34°5 cm., and ‘“‘ immature,” was taken in the Firth of Forth, 
near Hlie, at a distance of 65 miles to the south and west; 1 of the males was 
caught 88 miles to the south, 42 miles E.S.E. 3S. of Longstone Light ; it measured 
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33-5 cm. on liberation, but the size on recapture and the condition of the testes were 
not recorded ; another male, of 35-35°6 cm., and “ nearly ripe,” was caught in the 
Moray: Firth, near Banff, at a distance of 77 miles; and the third was recovered 
114 miles to the south and west, 8 miles E. $8. of Tynemouth ; it measured 35-35 
cm., and was described as ‘‘ mature.” 

Three males and 4 females were taken in February, all but 1 of the females 
to the north and west. Four were taken in the Moray Firth, 2,a male anda female, 
at nearly the same place, close to Clyth Ness, at a distance of 106 and 1063 miles ; 
the male measured 38°5-40°3 cm., and was “spawning” (“ partly spent ”’), and 
the female measured 50°5-50°2 cm., and was “‘ about ripe”? ; a male was taken off 
Banff, at a distance of 77 miles, measuring 34°5-34°8 cm., and bemg described as 
“ripe”; the fourth, a male, of 32-332 cm., and “ripe,” was got off Tarbet Ness, 
at 100 miles distant ; a female, measuring 33°5-36°5 cm., and “immature,” was 
recovered 11 miles to the north and west ; and another female, of 30-32°9 cm., was 
taken in St. Andrew’s Bay, at a distance of 63 miles; the last female, which 
measured 46-46°5 cm., and was “almost ripe,” was caught 8 miles to the north 
and west. 

Three males were recaptured in March, 1, of 34-36°8 cm., but of unknown 
maturity, 35 miles E. } N. of Flamborough Head, at a distance of 172 miles to the 
south and east ; another, of 34-36°4 cm., and “‘ immature,” only 5 miles to the north 
and west, and the third, in the Moray Firth, north-east of Tarbet Ness, at a dis- 
tance of 108 miles; it measured 39-5-40°2 cm., and was “spawning” (“ partly 
spent ’’). 

In this quarter, 14 of the marked plaice, or 22°6 per cent., were recaptured, 
9 (64:3 per cent.) to the north and west, at an average distance of 66 miles in the 
mean direction N. 16° W.; 3 at an average distance of 81 miles in the mean 
direction S. 54° W.; 1 to the south; and 1 to the south and east. The migra- 
tion lines on the chart show a great difference, 6 passing northwards to the Moray 
Firth, 3 to the southwards, and 2 south and west, to the Firth of Forth and St. 
Andrew’s Bay. 

Fourth Quarter —Three females and a male were taken in April, the male in 
Aberdeen Bay, 35 miles to the north and west, one of the females 7 miles to the 
south and east, another 15 miles to the south and west, while the third had migrated 
to near Klie, in the Firth of Forth, a distance of 70 miles. All these fish were 
“immature.” 

In May, 3 females and a male were recaptured, the male at the entrance to the 
Moray Firth, off Noss Head, at a distance of 104 miles ; it was “spent.” One of 
the females was taken 32 miles to the north and west, “spent ” ; another, 34 miles 
to the north and east ; and the third 39 miles to the south and west, offshore, to the 
east of the Isle of May. 

A female was caught in June, 16 miles to the south and west. 

In this quarter, 9 of the marked plaice, or 14°5 per cent., were recovered ; 4 (44°4 
per cent.) to the south and west (mean direction, S. 67° W.); 3to the north and west, 
and | each to the north-east and the south-east. 

In the year after liberation, 46, or 74:2 per cent., were recovered, 20 (43°5 per 
cent.) to the south and west ; 17 (36-9 per cent.) to the north and west ; 5 to the 
south and east ; 2 to the north and east ; 1 west and 1 south. 

The following table gives a summary of these particulars :— 


[TaBLE. 
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a 22) le eer Average Range. 

ie = | Cent Mean Average |Rate per| af tt 
Quarter. Direction. | © 8 of | Direction. |Distance| 10 Days : 

iS © |Total. (miles). | (miles). |Distance.| Rate. 

I. July 1912. | N. and E. 1 7°7 | N. 69° EK. 9 PA sn tl ; 
Aug. 1912. | N. and W. 2 15-4 | N. 77° W. 25 PANG? 19-30°5| 4°5-38 
Sept. 1912. |S. and E. 3 23°1 | S. 24° E. 20 19°6 10°5—34| 2°1-52°5 

S. and W. 6 46:1 | S. 65° W. 43 97 24-57 | 3°9-19°5 
W. 1 Gel W. 11 14 ae 
13 20°9 
II. Oct. 1912. | N. and E. Nil. 
Nov. 1912. | N. and W. 3 30 N. 66° W. 28 2°3. |23°5-30 | 1:-4-3°3 
Dec. 1912. |S. and E. _ Nil. 
S. and W. 7 70 S. 54° W. 50°3 3°8 |20°5-133] 1:4-8°3 
10 16:1 
Ill. Jan. 1913. | N. and E. Nil. 
Feb. 1913. | N. and W. 9 64:3 | N. 16° W. 66 3°01 5-108} °19-4:7 
Mar. 1913. | 8. and E. 1 7A SHG} 1D 172 6°5 on ae 
S. and W. 3 21:4 | S. 54° W. 81 4:1 |63°5-114| 2°9-6:1 
S. (aie ee S 88°5 47 ego di, aaa 
14 22°6 | 
—— | | 
IV. April 1913. | N. and E. 1 eS Nee dion Ere 345 1:05 ss sts | 
May 1913. | N. and W. 3 33:30] NE 20° We 57 1‘8 32-104] 1-3°3 
June 1913. |S. and E. 1 IES 24088). |) ia PASS ae ic 
S. and W. 4 44:4 | S. 67° W. | 35 1:2 |15°5-70°5) -45-2°4 
9 14°5 
SUMMARY. N. and E 2 4°3 
N. and W.| 17 36°9 
S. and E. 5 10°8 
S. and W. 20 43°5 \ 
W. 1 2°2 
S. 1 22 
46 74:2 


Of the other fish recaptured, 7 were taken in the remainder of 1913, 6 in 1914, 
and 3 in 1915. 

In July 1913, a female was taken off the Bell Rock, at a distance of 36 miles to 
the south and west. In August, a male was caught off Dunbar, at a distance of 59 
miles to the south and west. In September, 2 females were recaptured, 1, 28 miles 
to the north and west, and the other, offshore, at a distance of 54 miles to the east 
and north. <A female wes taken in October, also offshore, to the south and east, at 
a distance of 81 miles. In December, a male and a female were caught, the male, 
of 34-37°6 cm., and “nearly ripe,” 26 miles to the north and west, off Aberdeen, 
and the female, measuring 60-60-2 cm., and also “ nearly ripe,” to the west of the 
Bell Rock, at a distance of 51 miles to the south and west. 

In January 1914, a male. of 375-40 cm., and “ripe,” was recaptured 7 miles 
to the north and west, and in February 2 males, the condition of whose testes was 
not recorded, both in the Moray Firth and 1 north-east of Tarbet Ness, at a distazice 
of 117 miles, and the other south-east of the same, at a distance of 106 miles. A 
male, of 33°5-40 cm., and “spawning,” was taken in March, to the north-east of 
Kinnaird Head, at a distance of 71 miles to the north and east. Another, measur- 

Ing 33°5-41:1 cm., and “ripe,” was caught in May, 94 miles to the north and west. 
In October, a male, of 34-5-44 cm., and “ fully half ripe,” was recovered at a distance 
of only 3 miles to the south of the station. 

In January 1915, a female. of 32-49 cm., and “immature” was taken to the 
south-east of Buchanness, at a distance of 34 miles to the north and east. In. 


> 
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March, another female, of 31°5-40°5 cm., and ‘‘immature,”’ was caught 28 miles 
to the south and west, and in October, after 1188 days, the last fish, a female, of 
345-52 cm., and “rather immature,” was recaptured only 10 miles distant, to the 
north and west. 

The following table gives a summary of the mean distance and direction, in each 
quadrant, for all the fish of the experiment :— 


Aggregate | Average 
Quadrant. Sex. ne: h f Distance Distance Dee 
ish. | (Miles.) (Miles.) abi 
N. and E. Adult Males. 2 80 40 ING tae 1D. 
Adult Females. 2 88 44 N. 45° E. 
Immature Females. ] 34 34 INS 7 oaBe 
5 202 40 N. 34° E 
Ne andi | Adalantaleseie at 2 Sa eeicelea mous 59 N. 26° W. 
Immature Males, 1 35 35 N. 34° W. 
Adult Females. 5 184 37 N. 37° W. 
Immature Females. 2 41 20 N. 57° W. 
24 1204 50 INS SIVWe 
Sand it. | Adare Males nal ened enc 94 S. 7°. 
Immature Males, 1 10 10 ree E7> 1Dp 
Adult Females. 2 115 57 Sh ale 
Immature Females. 1 a il S22425n: 
6 320 53 SEPA 13}. 
Sand W. | Adult Males. ey 394 56 S. 40° W. 
Immature Males. 1 44 44 S72 ewe 
Adult Females. 8 246 31 S. 70° W. 
Immature Females. 9 483 54 S. 62° W. 
25 1167 47 S. 59° W. 
S. Adult Males. serene? 88 88 Ss, 
W. Adult Females. 1 11 11 W. 
SUMMARY. 
N. and E 5 202 40 INS 420Rh 
N. and W 24 1204 50 Nesio we 
S. and E 6 320 53 Sy Jlcan 
S. and W 25 1167 47 S. 59° W. 
S. ] 88 88 S. 
W. 1 ll 1k W. 
62 


Distances travelled—10 miles and under.—Kight of the marked plaice, or 12°9 
per cent., were recaptured at distances of from 3 to 10 miles, 5 males (16:1 per cent.), 
with an average of 6:7 miles, and 3 females (9:7 per cent.), with an average of 8°3 
miles. Three of the males and 2 of the females were found to the north and west, | 
male to the south and west, | to the north and east, and 1 female to the south and 
east. 

10 to 20 miles.—Seven, or 11°3 per cent., were taken at distances of from 10 to 
19 miles, 3 males (9°7 per cent.), with an average of 15:3 miles, and 4 females (12°9 
per cent.), with an average of 13-4 miles. One of the males and 1 of the females were 
found to the north and west, 2 males to the south and east, 2 females to the south 
and west, and | to the west. 
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Thus, 15 of the fish, or 24:2 per cent., were got at distances under 20 miles, 
8 males (25°5 per cent.), with an average distance of 9°9 miles, and 7 females (22°6 
per cent.), with a mean of 11-2 miles. 

20 to 50 mules.— Twenty-two of the recaptured plaice, or 35°5 per cent., were taken 
at distances of from 203 to 47 miles, 9 males (29 per cent.), with an average of 30°7 
miles, and 13 females (41°9 per cent.), with an average of 32 miles. Five of the 
males and 3 of the females were found to the north and west, 4 males and 7 females 
to the south and west, 2 females to the north and east, and | female to the south 
and east. 

50 to 100 mles.—Sixteen, or 25°8 per cent., were taken at distances of from 51 to 
100 miles, 6 males (19°3 per cent.), with an average of 79 miles, and 10 females (32°2 
per cent.), with an average of 61:5 miles. Three of the males were taken to the 
north and west, 1 male and 1 female to the north and east, 1 male and 8 females to 
the south and west, 1 male to the south, and | female to the south and east. 

Over 100 miles.—Nine, or !4°5 per cent., migrated distances of from 104 to 172 
miles, viz. 8 males (25°8 per cent.), with an average of 120°1 miles, and 1 female (3-2 
per cent.), which went 106 miles. Five of the males and the female were recaptured 
in the Moray Firth, or its vicinity, while 3 of the males were taken off the coast of 
England, to the southwards. 


MarTurity. 


Males.—Of the 31 males recaptured, the condition of the testes was recorded 
for 25. 

Three were ‘‘ spawning,” 2 being taken in the Moray Firth, and the third off Kin- 
naird Head, the former in February and March 1913, after 231 and 244 days 
repectively, at distances of 106 and 108 miles ; the latter, in March 1914, after 612 
days, at a distance of 71 miles; all were large, measuring respectively 39°5-40°2 cm., 
38°5-40°3 em., and 33°5-40 em. 

Five were described as “ripe”; 2 of them were taken in the Moray Firth, 
in February 1913, after 214 and 216 days, at distances of 77 and 100 miles 
respectively ; 1 was caught off Tynemouth in January 1913, at a distance of 114 
miles, after 186 days, and 2 were taken short distances to the north and west, | at 
7 miles in January 1914, and the other at 94 miles in May 1914. 

One was said to be “spent”: it was taken in the Moray Firth, in May 1918, 
at a distance of 104 miles. 

Four were described as “nearly ripe”; one was got in January 1913, off 
Banff, in the Moray Firth, at a distance of 77 miles ; another, in November 1912, 
41 miles to the south and west, the third in December 1912, 233 miles to the north 
and west, and the fourth in December 1913, 264 miles to the north and west. 

Among those of adult size on recapture and described as “immature,” was the 
following fish, taken within the limits of the spawning season :—It measured 
3436-4 cm., and was caught in March 1913, at a distance of only 5 miles to the 
north and west. 

Females—The condition of the ovaries was recorded in 28 of the 31 females 
recaptured. 

None was “‘ spawning ” or “ ripe.” 

Two were described as “spent,” 1, measuring 59-59°3 cm., taken m August 
1912, 24 miles to the south and west ; the other, of 40-431 cm., taken in May 1913, 
32 miles to the north and west. 

Four were described as “‘nearly ripe”; 1, of 52-51:4 cm., was taken in 
November 1912, after 139 days, off Dunbar, 65 miles to the south and west ; another, 
of 60-60°2 cm., was caught in December 1913, after 524 days, to the west of the 

Bell Rock, at a distance of 51 miles to the south and west ; the third was caught 
in February 1913, after 229 davs, in the Moray Firth, at a distance of 106 miles ; 
it measured 50°5-50°2 cm.; the fourth, measuring 46-46°5 cm., was recaptured, 
also in February 1913, only 8 miles distant, to the north and west. 

Among those of adult size, with “immature ” ovaries, 3 were recaptured in 
the spawning season, viz. | of 32-49 cm., in January 1915, after 933 days, 34 miles 
to the north and east: 1, taken in March 1915, after 997 days, 28 miles to the 
south and west; a third, of 37-39°9 cm., caught in April 1913, after 271 days, 
153 miles to the south and west. 


‘ 
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EXPERIMENT V. 
21st September 1912. 


One hundred plaice were marked and liberated in this experiment, 44 maies, 
55 females, and one of undetermined sex. The males ranged in size from 30 to 
44 cm., and 4. were under adult size on liberation ; the females ranged from 31°5 
to 53 cm., and 22 were under the adult size when liberated. 

The following table shows the numbers of those marked and recaptured, 
arranged in 5-cm. groups :— 


cm. cm. cm. cm. cm. cm. 
25=30°5  31—35"5 ~36240°5 4145-5 —46=50'5> bd ll=bo:b a Worale 
F. Lib. : = 11 26 12 4 2 55 
F. Recap. . _ = 6 15 7 if — 29 
M. Lib. ; 5 1 18 24 i — a= 44 
M. Recap. . aS 5 6 — — — 11 
2 Lib. . : = 1 — = — -— 1 


The fish which were marked were taken by the trawl of the ‘‘ Goldseeker ” in 
the Dornoch Firth, Moray Firth, in the middle of the day on 20th September, and 
were liberated at 11 a.m. on the 21st. 

The number recaptured was 40, or 40 Ber cent., a very low proportion, viz. 
11 males (24:4 per cent.) and 29 females (52°7 per cent.). All the males were of 
adult size when recaptured, the sizes ranging from 34°8 to 40°5 cm., and averaging 
37-2 cm., as compated with a range of from 31°5 to 37 em. and an average of 35°3 
cm. on liberation ; they were free for from 26 to 986 days, the mean being 269 
days ; they migrated distances of from 7 to 65 miles, the mean being 21-2 miles, 
and the average rate of movement °8 mile. Twenty-three of the females were of 
adult size when recaptured, ranging from 38 to 47-5 cm., and averaging 42°7 cm., 
as compared with a range of from 32 to 46 em. on liberation, and aa average of 39° 25 
cm.; they were at liberty for from 25 to 882 days, the mean being 308 days ; they 
migrated for distances of from 3 to 56 miles, the average being 18°9 miles, and the 
mean rate of movement *6 mile. Six were under the adult size, averaging 3671 em., 
as compared with 35:7 cm. on liberation ; they were free for a mean period of 
135 days, and travelled distances of from 6 to 51 miles, the mean being 23°1 miles, 
and the average rate 1:7 miles. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter —None was taken in the remainder of September. Two males 
and 3 females were captured in October, 1 male and 1 female at 9 and 133 miles to 
the north and west, | female 4 miles to the south and east, and a male and a female 
to the south and west, at distances of 74 and 19 miles. Two females were recovered 
in November, one 11 miles to the north and east, and the other off Rattray Head, 
at a distance of 42 miles to the north and east. One male and 4 females were 
taken in December, the male 24 miles to the south and west, a female 19 miles in 
the same direction, and another female 43 miles in the same direction, to the east 
of the Isle of May; a female, of 42-42 em., and described as “ spawning,” was taken 
104 miles to the westwards, and another, of 46-45°5 cm., and “nearly ripe,” at 
17 miles to the north and west. 

In this quarter, 12 of the marked plaice, or 30 per cent. were taken, 5 (41°7 per 
cent.) at an average distance of 23 miles in the mean direction 8. 56° W.; 3 (25 per 
cent.) at an average distance of 13 miles in the mean direction N. 64° W.; 2 to the 
north and east, and 1 each to the south and east and to the west. The chart shows 
the general lines of migration west and south-west towards the coast, from about 
the level of Tod Head to St. Abb’s Head, but 3 fishes were recapured to the north 
of the station. 

Second Quarter.—A male and a female were recovered in January 1913, the 
male, of 36-36°3 cm., and “ripe,” near Buchanness, 35 miles to the north and west, 
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and the female, the condition of whose ovaries was not recorded, 29 miles to the 
south and west, offshore, to the east of the Bell Rock. A male and a female were 
taken in February, the male at a distance of 10 miles to the north and west, and 
the female at 154 miles distant in the same direction ; both were “ spawning,” the 
male measuring 36°5-36°8 cm., and the female 44-44°3 cm. Three females were 
caught in March, but the position of capture of 1 was not recorded. One of the 
others, of 42°5-43°4 em., was taken at a distance of 8 miles to the north and west, 
and was “‘ spawning ”’; the other, measuring 38-37°8 cm., and “ rather immature,” 
was got nearly at the same place. 

In this quarter, 7 were recaptured, or 17-5 per cent., the positions being 
recorded for 6 (15 per cent.), and of these 5 were found to the north and west, at an 
average distance of 15 miles, the mean direction being N. 25° W.; the other fish 
was taken to the south and west. The chart shows the radiating lines going to 
the north and west, 5 of the 6 fish being taken to the northwards. 

Third Quarter —Two males and 3 females were taken in April 1913, but the 
position of capture of one of the females was not ascertained. One female was 
found 103 miles to the west, and the other 6 miles to the north and west ; one 
of the males was taken 12 miles to the north and west, and the other 15 miles to 
the south and west; all these fish were “‘immature.” <A female, of 45-46 cm., 
was caught in May off Rattray Head, at a distance of 48 miles to the north and 
west, and was “spent.” 

In this quarter, 6 fishes, or 15 per cent., were taken, the positions being known 
for 5; 3 were found to the north and west, and | each to the south-west and the 
west. 

Fourth Quarter —A male and a female were recaptured in July 1913, the male 
18 miles to the south and west, and the female to the east of the Isle of May, at 
a distance of 51 miles to the south and west. Two females aod a male were taken 
in August, the male at 7 miles and one of the females at 14} miles to the north 
and west, and the other female 13} miles to the north and east. 

In this quarter, 5, or 12°5 per cent., were caught, 2 to the north and west, 2 to 
the south and west, and 1 to the north and east. 

Thus, in the 12 months immediately following the liberation of the fish, 
30 marked plaice were recovered, or 75 per cent., but the positions of 2 were not 
recorded. Of the remaining 28, 13 (46:4 per cent.) were found to the north and 
west, 9 (3271 per cent.) to the south and west, 3 (10°7 per cent.) to the north and 
east, 2 to the west, and 1 to the south and east. 


[TaBLe. 
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A summary of the mean distance and direction in each quadrant for the first 
year is as follows :—- 


‘a as | Per Average Range. 
as = | Cent. Mean | Average |Rate per 
Quarter. Direction. | © 3 of | Direction. |Distance| 10 Days 
iS © | Total. (miles). | (miles). |Distance.| Rate. 
I. Oct. 1912. | N. and E. 2 16°6 | N. 32° 26 4:2 11-42 | 2:2-6-2 
Nov. 1912. | N. and W. 3 25 N. 64° W. 13 3°15 9-17 | 2°3-4°35 
Dec. 1912. |S. and E. 1 8:3 |S. 3°E. 4 16 Be rah 
S. and W. 5 41-7 | S. 56° W. 23 4°7 7°5-43°5| 2°5-11-2 
W. 1 83 Ww. 10°5 ile ae 
12 30° 
Il. Jan. 1913. | N. and E. Nil. 
Feb. 1913. | N. and W. 5 83°3 | N. 25° W. 15 Gi 8-355 4-2°8 
Mar. 1913. |S. and E. Nil. 
S. and W. 1 16°6 | S. 40° W. 29 2°4 
6 15° 
vues April 1913. | N. and E. Nil. 
May 1913. | N. and W. 3 60: | N. 6° W. 22 97 6-48 *3-2°02 
June 1913. |S. and E. Nil. 
S. and W. 1 20 S. 67° W. 15 75 
W. 1 20° W. 10°5 5 
5 12°5 
IV. July 1913. | N. and E. 1 20 N. 62° E. 13°5 4 xe Bd 
Aug. 1913. | N. and W. 2 40 N. 12° W. 10°7 3 7-14'5 "2-5 
Sept. 1913. | 8. and E. Nil. 
S. and W. 2 40° | 8. 40° W. 34: 1:2 18-51 | *6-1°8 
5 | 125 | 
SUMMARY. N. and E 3 10°7 
N. and W.| 13 46°4 
S. and E 1 3°6 
S. and W 9 32°1 
W. 2 eu 
28 70 


Of the other fishes recaptured, 2 were taken in the remainder of 1913, 6 in 1914, 
and 2 in 1915. 

Two females were taken in November 1913, one, 54 miles to the south, and the 
other, described as “three-quarters ripe,” north-east of Kinnaird Head, at a distance 
of 564 miles to the north and east. A female was taken in January 1914, 8 miles 
to the north and west ; it also was “three-quarters ripe.” In February, a male, 
described as “‘spawning,” was taken 303 miles to the north and west. In March, 
a female, “spent,” was taken 9 miles to the north and west. In May, a female, 
also ‘‘ spent,” was got 93} miles to the north and west ; in September, a female, 
north-east of Rattray Head, 53 miles to the north and east; and in October, a 
female 3 miles to the south. 

In February 1915, after 882 days, a female, described as “ spent,” was taken 
7 miles to the north and west ; and in June, after 986 days, a male, north-east of 
Longstone Light, Northumberland, 65 miles to the south and west. 

The above particulars for the whole experiment are summarised in the following 
table :— 


‘6 


[TABLE. 


| Aggregate | Average 


No. of ; ; Mean 
Quadrant. Sex. 7 Distance Distance Sepae 
Fish. (niles): (miles). Direction. 
N. and E. Adult Females. 4 164 41 ING 252 Be 
Immature Females. 1 ll ll N. 48° E. 
5 175 | 35 N. 29° E 
Nand W. | Adult Males. 6 103 17 +|N.21°W 
Adult Females. 10 148 15 N. 36° W. 
Immature Females. 2 14 7 N. 19° W 
warty 18 265 15 N.29°W. | 
gaat =" Adult Females. 1 4 4 Siow 
iaeandw. Adult Males. 5 129 26 S. 51° W. 
Adult Females. 3 51 V7 S. 32° W. 
Immature Females. 3 1S 38 S. 51° W. 
ll 293 27 | S. 46° W 
W Adult Females. 2 20 10 W. 
ite Adult Females. 1 5 : | S. 
SUMMARY. 
N. and E. 5 175 35 N. 29° E 
N. and W. 18 265 15 N. 29° W. 
S. and E. 1 4 4 Se oRebl 
S. and W. 1l 293 Di '| §. 46° W 
W. 2 20 10 W 
S. 1 5 5 Ss 
38 


Distances travelled—l0 miles and under.—Fourteen of the fish, or 36-8 per 
cent., were found at distances of from 3 to 10 miles, 4 males (36-4 per cent.), with 
an average of 8°4 miles, and 10 females (37 per cent.), with a mean of 6:8 miles. 
Three of the males and 7 of the females had moved to the north and west, 
1 male and 1 female to the south and west, 1 female to the south and east, and 1 
female to the south. 

10 to 20 miles.—Thirteen, or 34-2 per cent., were found at distances of from 103 
to 19 miles, 3 males (27-3 per cent.), with a mean of 15 miles, and 10 females (37 per 
cent.), with an average of 14-4 miles. One male and 4 females were taken to the 
north and west, 2 males and 2 females to the south and west, 2 females to the north 
and east, and 2 females to the west. 

Twenty-seven of the plaice, therefore, or 71 per cent., were recaptured at dis- 
tances under 20 miles, viz. 7 males (63°6 per cent.), with an average of 11-2 miles, and 
20 females (74°1 per cent.), with a mean of 10°6 miles. 

20 to 50 miles.—Seven, or 18-4 per cent., were got at distances of from 24 to 48 
miles, 2 males (27-3 per cent.), with a mean of 30 miles, and 4 females (14-8 per cent.), 
with an average of 40°6 miles. Two of the males and 1 female went to the north 
and west ; 1 male and 2 females to the south and west, and 1 female to the north and 
east. 

50 to 100 miles.—Four, or 10°5 per cent., were taken at distances of from 51 
to 65 miles, 1 male and 3 females (11:1 per cent.), with a mean of 53°5 miles. The 
male and 1 of the females were caught to the south and west, and 2 females to the 
north and east. None of the fish was found at a distance over 100 miles. 
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MATURITY. 


Males.—The condition of the testes was recorded for 10 of the 11 males. 
Two were “‘spawning,”’ 1, measuring 36°5-36°8cm., caught in February 1913, 10 miles 
to the north and west, and the other, of 36°5-39°9 cm. in February 1914, 303 miles 
to the north and west. 

A male, of 36-36°3 cm., taken in January 1913, 354 miles to the north and west, 
was described as “ripe.” One, of 35:5-34'8 cm., taken in December 1912, 24 miles 
to the south and west, was said to be “nearly ripe.” 

Two, described as ‘immature,’ were caught in the spawning season, both in 
April, 1, 15 miles to the south and west, and the other 12 miles to the north and 
west ; they measured respectively 34°5-35:7 cm. and 36:5-36°5 cm. 

Females.—The condition of the ovaries was ascertained in 23 of the 29 recap- 
tured. Two were “spawning,” 1, of 44-443 cin., bemg captured in February 
1913, 153 miles to the north and west, and the other, of 42:5-43-4 cm., in March 
1913, 8 miles tc the north and west. 

One was described as ‘‘ nearly spawning”; it measured 42-42 cm., and was 
captured in Decemper 1912, 103 miles to the westwards. 

Five were described as “spent,” but the position of 1 was not recorded; the 
others were taken as follows :--One in May 1913, 48 miles to the north and west, 
off Rattray Head; another, in March 1914, 9 miles to the north and west ; the 
third, in May 1914, 94 miles to the north and west ; and the fourth, in February 
1915, after 882 days, 7 miles to the north and west. 

Four were ‘“‘nearly ripe ’; 1 was taken in November 1912, 42 miles to the north 
and east; another, in December 1912, 17 miles to the north and west; the 
third, in November 1913, 56 miles to the north and slightly to the east ; and the 
fourth, in January 1914. 8 miles to the north and west. 

Among those in which the ovaries were “ immature,” 1, of 39-39°5 cm., was 
captured in April 1913, 103 miles to the west. 


EXPERIMENT VI. 
27th March 1913. 


One hundred plaice were marked in this experiment, 28 males and 72 females. 
The males ranged in size from 29°5-41-5 cm., and 6 were under adult size, and the 
females from 31°5 to 55 cm., of which 49 were under adult size. 

The numbers liberated and recaptured, arranged in 5-cm. groups, are as 
follows :— 


cm. cm. cm. cm. cm. cm. 
25-30°5 31-35°5 36-40°5 41-45:°5 46-50°5 51-55:°5 Total. 
F. Lib. : 30 SS 34 31 4 2 1 72 
FB. Recap. . 6S 26 23 4 1 1 « 55 
M. Lib. : + oa 19 7 1 = — 28 
M. Recap. . pth, 14 6 if = — 22 


The fish used were taken by the ‘“‘ Goldseeker ” in the Firth of Forth, place un- 
specified, on the afternoon of the 26th, and were liberated about 2 a.m. on the 27th, 
after being in the tanks for 11 hours, “ all in good condition.” 

The number recaptured was 77, or 77 per cent., viz. 22 males (78°6 per cent.) 
and 55 females (76:4 per cent.). All the males were of adult size on recapture, 
ranging from 33-2 to 43-8 cm., and averaging 38°6 cm., as compared with a range of 
from 29°5 to 41:5 cm., and an average of 34:8 cm. on liberation; they were free for 
from 5 to 671 days, the mean being 253 days, and they migrated distances of from 
4 to 154 miles, the average being 36°6 miles, and the mean rate of movement 1-4 
miles. Thirty-two of the females were of adult size, ranging from 38 to 55:3 cm., 
and averaging 43:8 cm., as compared with a range of from 32 to 55 cm., and an 
average of 38°8 cm. on liberation ; they were at liberty for from 4 to 1457 days, the 
mean being 294 days, and they moved distances of from 3 to 198 miles ; the mean 
being 30:5 miles, and the average rate 1 mile. Twenty-two of the females were 
under the adult size on recapture, ranging from 31:3 to 37:9 cin., and averaging 
35°3 cm., as compared with a range of from 31:5 to 37:5 cm., and a mean of 34-2 


205 


cm. on liberation ; they were at liberty for from 3 to 349 days, the average being 
74 days, and they travelled distances of from 4 to 68 miles, the average being 24°7 
miles, and the mean rate 3°35 miles per 10 days. 


THE EXTENT AND DIRECTION OF MIGRATION. 


First Quarter—In the remainder of March, 5 females were recaptured, 4 to the 
north and west, at distances of from 6}to 9 niles, and 1, 103 miles to the north and 
east. One, measuring 44—44°3 cm., was “spent ”’; it was taken 63 miles to the 
north and west. 

Ten females and 4 males were taken in April, 6 to the north and west, at dis- 
tances of from 4 to 9 miles, 5 to the south and west, at distances of from 11 to 25 
miles, 2 directly north, at distances of 11 miles, and 1, 13 miles to the south and 
east. Four of the females’ were described as “spent,” 2 caught to the north and 
west, and 2 to the south and west. 

In May, 5 females and 2 males were taken ; 3 to the north and west, 3 to the 
south and west, and 1 to the north and east ; the last named. a male, of 41:5-42°3 
em., is described as having been caught, after 46 days, 154 miles to the north and 
east. offshore, in 69 fathoms (Lat. 59° 5’ N.; Long. 1° 20’ E.), and was landed at 
North Shields ; a male and 2 females, taken to the north and west, had gone dis- . 
tances of 94, 94, and 164 miles respectively ; of the 3 females recaptured to the 
south and west, | was got at a distance of 19 miles, 1 near the Bell Rock, at a distance 
of 45 miles, and the other north of the Bell Rock at a distance of 40 miles. 

In this quarter, 26 of the marked plaice, or 34°2 per cent., were recovered, 13 
(50 per cent.) to the north and west, at an average distance of 8 miles in the mean 
direction N. 55° W.; 8 to the south and west, in the mean direction S. 67° W., 
at an average distance of 23 miles; 2 (7-7 per cent.) to the north and east ; 2 to the 
north, and 1 to the south and east. The lines of migration on the quarterly chart 
mostly radiate towards the coast, to the westwards and south, but 8 of the fish were 
recaptured to the north of the station. 

Second Quarter —Nine females and 1 male were taken in June, 4 to the north 
and west, and 6 to the south and west. Three of the females were caught at dis- 
tances of 163, 19, and 19 miles respectively to the north and west, and the male 
off Noss Head, Moray Firth, at a distance of 96 miles in the same direction. Of 
the 6 females taken to the south and west, one was got east of St. Abb’s Head, at 
a distance of 58 miles; another was taken north of St. Abb’s Head, at a distance 
of 52 miles ; a third south-east of the Bell Rock, at a distance of 48 miles; one 
offshore, east of the Isle of May, at a distance of 39 miles ; another at a distance 
of 32 miles ; and the last at 5 miles distant. 

A female was recaptured in July, 16 miles to the north and east. 

In August, 2 males and 4 females were taken, 3 of the females to the south and 
west, and | to the north-west ; 1 male was taken to the north-west, and the other 
to the south and east ; 1 female had migrated 53 mules to the south and west, and 
was caught to the east of the Bel! Rock; other 2 were found 15 and 15} miles to 
the south and west; 1 female was taken 20 miles to the north and west, south- 
east of Aberdeen ; 1 male was recaptured 4 miles to the north and west, and 
another 26 miles to the south and east, in the offshore waters. 

In this quarter, 17 fish, or 22°4 per cent., were recovered. Nine (52-9 per cent.) 
went to the south and west, in the mean direction 8. 53° W., at an average distance 
of 34 miles ; 6 were taken to the north and west, at a mean distance of 29 miles, 
in the mean direction N. 63° W.; and 1 each to the north and east and south and 
east. The migration lines on the chart are much the same as in the first quarter, 
but are spread more seawards, to the south. 

Third Quarter —A male was caught in September, 12 miles to the north and 
west ; another in October, 264 miles to the south and east ; and a female in Novem- 
ber, to the south-east of the Bell Rock, at a distance of 43 miles to the south aad 
west. 

Thus, only 3 of the marked plaice were recaptured in the third quarter, or 3-9 
per cent. 

Fourth Quarter.—Two males and 2 females were taken in December, one of the 
females 224 miles to the north and west, south-east of Aberdeen, and the other 
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near Buchanness, 34 miles to the north and west ; 1 male was taken south-east of 
Aberdeen, at a distance of 26 miles, and the other off Dunbar, at 64 miles distant 
to the south and west. 

In January 1914, a female was caught in the Moray Firth, off Banff, at a distance 
of 77 miles, and was “nearly ripe.” 

In February, a male was recaptured in the Moray Firth, close to Tarbet Ness, 
ata distance of 113 miles, and a female 23 miles to the south and west. 

In this quarter, 7 fish, or 9°2 per cent., were recaptured, 5 (71:4 per cent.) to 
the north and west, and 2 to the south and west. 

In the 12 months immediately following the liberation, 53 of the marked 
plaice, or 69°7 per cent., were taken, 25 (47-2 per cent.) to the north and west, 
20 (37:7 per cent.) to the south and west, 3 (5:7 per cent.) to the north and east, 
3 to the south and east, and 2 to the north. 

A summary of these particulars is given in the following table :—- 


2 eon ete Average Range. 
ta | Cent Mean Average |Rate per 
Quarter. Direction. | © = of Direction |Distance | 10 Days 
S © | Total. (miles). | (miles). |Distance.| Rate. 
I. Mar. 1913. | N. and E. 2 TPT | ING Ga? 1D 82 34:2 |10°5-154") 33°5-35 
April 1913. | N. and W.| 13 50: N. 55° W 8 10°71 4-16°5| 1:7-30 
May 1913. |S. and E. IL 5 ito ll a al} 13 26° Ato Fd 
S. and W. 8 30°8 | S. 67° W 23 WRB? 11-45 3°2-50 
N. 2 77 N. 11 15:7 Me 65 
26 34:2 
Il. June 1913 | N and 1 5:9 | N. 13° E. 16 1°55 aS a 
July 1913. | N. and W 6 SIO MMNAOdeaVe 29 3°8 4-96 *3-14°5 
Aug. 1913. |S. and E ] DOM Sano s Be 26 18 a ae 
S. and W. 9 52°9 | S. 53° W. 34 3°7 15-58 | 1:1-6°5 
ty 22°4 
III. Sept. 1913. | N. and E. Nil. 
Oct. 1913. | N. and W. 1 SBEBy | Seas Wie 12 "75 
Nov. 1913. |S. and E. 1 33°3 IES: oo) Be 26°5 13 
S. and W. 1 33°3 | S. 63° W. 43°5 1:9 
3 3°9 A 
1V. Dec. 1913. | N. and E. Nil. 
Jan. 1914. | N. and W. 5 71°4 | N. 22° W. 55 1-8 |22°5-113} -9-3°4 
Feb. 1914 S. and E. Nil. 
S. and W 2 28°6 | S. 68° W. 43 16 23-64 *7-2°5 
i 9:2 
SUMMARY. N. and E. 3 57 
N. and W.| 25 47:2 
S. and E. 3 5:7 
S. and W. 20 BF 
N. 2 3°8 
53 69°7 


Of the other fish recaptured, 20 were taken in the remainder of 1914, 2 in 1915; 
and 1 in 1917. 

In March 1914, 2 males and a female were got, the males at 10 and 12 miles 
to the north and west, and the female in the Firth of Forth, near Elie, at a distance 
of 68 miles to the south and west. 

Three females were recovered in April, 2 at 11 and 11} miles to the north and 
west, and 1 on the west coast of Scotland, 13 miles W.S.W. of Cape Wrath, at a 
distance of 198 miles. 

In May, 2 females and a male were recaptured, one of the females 39 miles to 
the south and west, south-east of the Bell Rock, and the other north and east of 
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Rattray Head, at a distance of 76 miles to the north and east. The male was got on 
the north coast of Scotland, north-west of Holburn Head, at a distance of 144 miles. 

In June, 2 males and 3 females were taken, one of the males 4 miles to the north 
and east, and the other 17 miles to the north and west ; one of the males was found 
7 miles to the south and east, one 26 miles to the north and east, and the third 26 
miles to the south and west, north-east of the Bell Rock. 

Two females were recaptured in July, one 3 miles to the south and west, and 
the other 153 miles to the south. 

In September, a male was taken 104 miles to the north and west, and a female 
28 miles to the north and east. 

A female was caught in October, after 567 days, only 5 miles to the north and 
west, and in December, a male 30 miles to the westwards, near Stonehaven. 

In January 1915, a male and a female were got, both to the north and west, the 
male at a distance of 8 miles, and the female at 12 miles. F 

A male was recaptured in March 1917, after 1457 days, at a distance of 108 miles 
to the north and west. 

The following table gives a summary of particulars relative to all the fish 
captured from the experiment :— 


Aggregate | Average 
Quadrant. Sex. No. e Distance Distance dale 
Fish ; : Direction. 
(miles). (miles). 
N. and E. Adult Males. 2 158 79 N. 34° E. 
Adult Females. 4 146 36 N. 30° E. 
Immature Females. 1 19 19 N. 47° E. 
Zi 323 46 N. 34° E 
N. and W. Adult Males. 15 588 39 N. 42° W. 
Adult Females. 15 545 36 N. 39° W. 
Immature Females. 8 83 10 N. 67° W. 
e ae i016 |. 32. ~—=«d|: WN. 46° W 
S. and E. Adult Males. 2 52 26 Some 
Adult Females. 1 Tf a S. 58° E. 
Immature Females. 1 13 13 8. 72° H 
4 72 18 8. 34° E 
S. and W. Adult Males. 2 80 40 S. 52° W. 
Adult Females. 11 257 23 S. 56° W. 
Immature Females. 11 424 38 S. 61° W. 
24 961 PERE. 32 S. 58° W 
N. a Naiclgialea acai el maanva lg iaslihee Orkut tlt pls los cua 
Immature Females. 1 11 11 N. 
2 gon we aT N 
Ss Adult Females. 1 15 15 NS) 
SUMMARY 
N. and E 7 323 46 N. 34° E 
N. and W 38 1216 32 N. 46° W 
S. and E 4 72 18 8. 34° E 
S. and W 24 761 32 S. 58° W. 
N 2 22, 11 N 
Ss 1 15 15 Ss 
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Distances travelled—10 miles and under.—Nineteen, or 25 per cent., of the re- 
captured plaice were taken at distaaces of from 3 to 10 miles, viz. 7 males (31°8 per 
cent.), with an average of 6:8 miles, and 12 females (22°2 per cent.), with a mean of 
6:4 miles. Six of the males and 10 of the females were found to the north and 
west, 1 male to the north and east, 1 female to the south and east, and 1 to the 
south and west. 

10 to 20 miles.—Twenty-five or 32-9 per cent., were recovered at from 103 to 
194 miles. Six (27°3 per cent.) were males, with an average of 13 miles, and 19 
(35:2 per cent.) were females, with an average of 15 miles. Four of the males and 
7 of the females were found to the north and west, 1 male and 7 females to the south 
and west, 2 females to the north and east, 1 male and 1 female to the north, 1 to 
the south, and 1 te the south and east. 

Thus, 44, or 57-9 per cent., were taken at distances under 20 miles, 13 males 
(59°1 per cent.),with an average of 9°7 miles, and 31 females (57-4 per cent.), with 
a mean of 11:8 miles. 

20 to 50 miles—Twenty, or 26°3 per cent., were found at distances of from 
20 to 48 miles, 4 males (18:2 per cent.), with an average of 27-2 miles, and 16 
females (29°6 per cent.), with an average of 32°8 miles. Two of the males and 3 of 
the females went to the north aad west, 2 males to the south and east, 11 females 
to the south and west, and 2 females to the north and east. 

50 to 100 miles.—Seven, or 9-2 per cent., moved for from 52 to 96 miles, 2 males 
(9:1 per cent.), with a mean of 80 miles, and 5 females (9-2 per cert.), with ar average 
of 66 miles. One of the males and | female were found to the north and west ; 
1 of the males and 3 of the females to the south and west, and | female to the north 
and east. A male was caught off Noss Head, in the Moray Firth, and a female off 
Banfi, Moray Firth. One female was recaptured in the Firth of Forth, near Ehe, 
and 2 to the east and south-east of the Isle of Max. 

Over 100 mules.—Five, or 6°6 per cent., were got at distances of from 113 to 
198 miles, 3 males (13°6 pez cent.), with an average of 137 miles. and 2 females (3°7 
per cent.), one of which moved 198 miles, and was found off Gape Wrath, on the 
west coast of Scotland, and the other 108 miles to the Moray Firth Two of the 
males were found in the Moray Firth, and one off the north coast of Scotland. 


MATURITY. 


Males.—The condition of the testes was recorded in 20 of the 22 males recap- 
tured. One was described as “ripe”; it was taken in January 1915, only 8 miles 
to the north-west of the station, and measured 37-43:1 cm. 

One, of 32°5-38°3 cm., was “ about three-quarters ripe,” and was captured off 
Stonehaven, 30 miles to the west and north, in December 1914, after 623 days. 

Among those of adult size (33 cm.), described as “immature,” recaptured within 
the limits of the spawning season, 2 were taken in March 1914, 1 measuring 33°5- 
37°6 cm., 10 miles to the north and west, and the other, of 33-40°4 cm., recovered 
12 miles to the north and west ; 4 were taken in April, 2 at 54 and 64 miles to the 
north and west, 1, 11 miles to the north, and the fourth 16 miles to the south and 
west ; they measured 37:5-37°5 cm., 33-33°2 cm., 35-35°4 cm., and 35-34°6 cm. 

Females.—The condition of the ovaries was ascertained in 48 of the 54 females 
recaptured. 

None was described as “spawning” or “‘ripe.” One was “‘nearly ripe,” and 
measured 33-39 cm. ; it was taken off Banff, in the Moray Firth, at a distance of 
77 miles, in January 1914. One, of 41°5-54-4 cm., taken in December 1913, 223 
miles to the north and west, was described as “‘ about three-quarters ripe.” Of 
other 2, described as “‘ about half ripe,” 1 was got in August 1913, 154 miles to 
the south and west, and the other in October 1914, 5 miles to the north and west. 

Ten of the females were said to be “spent.’’ One was taken in March 1913, 
alter 4 days, 63 miles to the north and west ; it measured 44-44°3 cm. Six were 
taken in April, 4 in 1913, and 2in 1914; of the former, 2 were got 4 and 9 miles 
to the north and west, and 2, 15 miles and 25 miles to the south and west ; of the 2 
recaptured in April 1914, 1 was found at 11 and the other at 114 miles to the north 
and west. ‘Two were taken in June 1913, both to the south-west, at 15 and 52 
miles distant. The tenth fish was taken in March 1917, after 1457 days, 108 miles 
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to the north and west. All those fish were large, above 44 cm., on recovery, except 
1, which measured 39-39°1 cm. 

Amongst those of adult size, with ‘immature ” ovaries (13 in number), none 
was recaptured within the limits of the spawning Season. 


EXPERIMENT VII. 
21st May 1913. 


One hundred plaice were marked and liberated in this experiment, 43 males and 
57 females. The males measured from 27 to 46 cm., and 8 were under the adult 
size (33 cm.) on liberation ; the females varied from 28°5 to 63°5 cm., and 15 were 
under the adult size when liberated. 

The numbers liberated and recaptured, arranged in 5-cm. groups, are as 
follows :— 


cm. cm. cm. em. cm. “mM. ecm. cm. 
25-30°5 31-35°5 36-40°5 41-45°5 46-50°5 51-55-5 56-60°5 61-65°5 Total. 
a Le 5B. 1098 15 4 Bi fn 822 Ie dt 257 
F.Recap. . 1 Rate (HG 9 4 Os! gs 1 35 
Metibes 2 4 15. | ~ 20 3 1 =u fas ris cB 
M.Recap. . 1. 11 15 2 1 eof hee Ay NBO 


The fish used in this experiment were caught in the Dornoch Firth on the 20th 
May, in the forenoon, and were set free, in good condition, on the following day, at 
4.30 a.m. 

The number recaptured was 65, or 65 per cent., viz. 30 males (67°4 per cent.) 
and 35 females (61:4 per cent.). Twenty-six of the males were of adult size on 
recovery, ranging from 33-3 to 46 cm., and averaging 39°7 cm., as compared with a 
range of from 29:5 to 46 cm., and an average of 36°98 cm. on liberation ; they were 
at liberty for from 0 to 945 days, the mean being 267 days, and they migrated 
distances of from 7 to 62 miles, the mean being 26°3 miles, and the mean rate °98 
mile. Four of the males were under the adult size, averaging 31°5 cm., aS com- 
pared with 30-25 cm. on liberation ; they were free for a mean period of 63 days, 
and moved from 17 to 494 miles, the average being 35:7 miles, and the mean rate, per 
10 days, 5-7 miles. Thirty-one of the females were of adult size, averaging 44°4 cm., 
and ranging from 38 to 63:1 cm., as compared with a range of from 32°5 to 63°5 
em., and an average of 42°5 cm on liberation ; they were at liberty for from 0 to 
636 days, the mean being 197 days, ana they migrated distances of from 7 to 109 
miles, the mean being 29-7 miles, and the average rate of movement 1°5 miles. 
Four of the females were under adult size, the average being 33°5 cm., as compared 
with 33-2 cm. on liberation ; they were at liberty for an average period of 26 days, 
and travelled from 7 to 44 miles, the mean being 29 miles, and the mean rate 10°9 
miles. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—Four of the marked plaice were recaptured on the day of libera- 
tion, all by a Grimsby trawler, 3 at a distance given as 8 miles to the south and west, 
and 1 at 7 miles to the south and west ; with the exception of 1 of the females, 
which measured 36°5-36:2 cm., they were all of adult size. 

Fourteen were got in June, 10 females and 4 males. Three of the males were 
taken to the south and west, at distances of 28, 30, and 493 miles, the last-named 
close to the Bell Rock, and the others in the same direction ; the other male was 
found 11 miles to the north and east ; 7 of the females were found to the south and 
west, at the following distances :—21, 28, 30, 37 (to the east of the Bell Rock), 273, 
44 (south-east of the Bell Rock), 59 (east of St. Abb’s Head); 1 was recaptured 19 
miles to the north and west, and 1 at 11 miles to the north and east ; the remaining 
female was taken off Noss Head, in the Moray Firth, at a distance of 109 miles to 
ce north and west, the mean rate of travel in this case being 42°8 miles per 10 

avs. 

Three males and a female were recovered in July, 2 of the males to the south 
and west, at distances of 24 and 51 miles (to the east of the Isle of May), and the 
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third 174 miles to the north and east ; the female went to the offshore waters, 
64 miles to the south and east, 91 miles east of St. Abb’s Head. 

In this quarter, then, 22 of the marked plaice, or 33°8 per cent., were recaptured, 
16 (72°7 per cent.) to the south and west, at an average distance of 29 miles in the 
mean direction §. 65° W.; 3 (13°6 per cent.) north and east ; 2 north and west ; 
and | south and east. 

Second Quarter.—In August, 3 males and 3 females were caught, all to the south 
and west, except 1 female, which was taken 17 miles to the south and east ; the 
others were taken at distances of 24, 29, 334, 47, and 52 miles, the last-named east of 
St. Abb’s Head. 

Two males and 2 females were caught in September, | of the females 11 miles 
to the north and east, and all the others to the south and west, at distances of 15, 
153, and 18 miles. 

Two females and 1 male were recaptured in October, all to the south and west, 
at distances of 24, 32, and 403 miles, the last-mentioned being to the east of the Bell 
Rock. 

In this quarter, 13 of the marked fish, or 20 per cent., were recaptured, of which 
11 (84:6 per cent.) were taken to the south and west, at an average distance of 30 
miles, in the mean direction S. 42° W.; 1 was caught to the north and east, and 1 
to the south and east. 

Third Quarter.—In November, a female was got off Tod Head, at a distance of 
20 miles to the west and north. 

In December, a male and a female were taken, the male 133 miles to the north 
and west, and the female 16 miles to the south and west. 

In January 1914, 2 males and 1 female were captured, the female and 1 of the 
males at 10 miles distant to the north and west; the other male 62 miles to the 
south and west, south-west of the Isle of May. 

Thus, in this quarter, 6 fishes, or 9:4 per cent., were recaptured, 4 (66°6 per 
cent.) at an average distance of 13 miles in the mean direction N. 76° W., and 2 
to the south and west. 

Fourth Quarter.—A male and a female were caught in February 1914, the female 
8 miles to the north and west, and the male 21 miles to the south and west. 

In March, a male and a female also were recovered, both to the south and west, 
at distances of 204 and 52 miles respectively, the latter north of St. Abb’s Head. 

Two males and 2 females were taken in April, the males to the north and west, 
at distances of 9 and 34 miles, the latter in Aberdeen Bay; the females were got to 
the south and west, at distances of 36 and 49 miles, the latter offshore, east of St. 
Abb’s Head. 

Hight fishes, or 12°3 per cent., were recaptured in this quarter, 5 (62°5 per cent.) 
at an average distance of 36 miles in the mean direction §. 55° W., and 3 (37-5 per 
cent.) to the north and west. 

Altogether, within the 12 months following the liberation, 49 of the marked 
plaice, or 75:4 per cent., were recovered, 34 (69°3 per cent.) to the south and west, 
9 (18-4 per cent.) to the north and west, 4 to the north and east, and 2 to the south 
and east. These particulars are summarised in the following table :— 


[TaBLe. 


Quarter. 


I. May 1913. 
June 1913. 
July 1913. 


II. Aug. 1913. 
Sept. 1913. 
Oct. 1913. 


III. Nov. 1913. 
Dec. 1913. 
Jan. 1914. 


IV. Feb. 1914. 
Mar. 1914. 
April 1914. 


SUMMARY. 
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ie oh |eeber Average Range. 
a S| Cent. Mean | Average |Rate per 
Direction. | © = of Direction. |Distance | 10 Days F 
= © |Total (miles). | (miles). |Distance.| Rate. 
N. and E. 3 13°6 | N. 19° E 13 3.4 | 11-17°5) 3°1-3°7 
N. and W. 2 971 | N. 42° W. 64 25°7 | 10-109 | 7°9-43°6 
S. and E. 1 4:5 | 8. 40° E 64 12:1 on ae 
S.and W. | 16 742°7 |S: 65° W. 29 12°3 7-59'5 
22 33°8 
N. and E. 1 7-7 | N. 42° E 11 1:05 
N. and W. Nil. 
S. and E. 1 77 |S. 37° E 17 1°8 St ee 
S. and W. ll 84°6 | S. 42° W 30 27 15-52 1°3-5°7 
13 20° 
N. and E. Nil. 
N. and W 4 66°6 | N. 76° W 13 ‘6 | 10-20 41°05 
S. and E. Nil. 
S. and W. 2 Bre || bss Ges? Vit 39 1:7 | 16-62 *8-2°5 
6 9-4 
N. and E Nil. 
N. and W. 3 37°5 | N. 45° W 17 Ti 8-34 2-7-1 
S. and E. Nil. 
S. and W. 5 62°5 | S. 55° W 36 1:2 21-52 7-18 
8 12°3 
N. and E 4 8:2 
N. and W 9 18°4 
S. and E 2 4°] 
S. and W 34 69°3 
49 75°4 


Of the other fishes recaptured, 14 were taken in the remainder of 1914 and 2 


in 1915. 


In May 1914, 3 males and 2 females were recaptured, | of the males ata distance 
of 12 miles to the north and west, a male and a female 40 miles to the south and west ; 
the remaining female 41 miles, and the remaining male 34 miles in the same direction. 

Two males were taken in June, 1, 20 miles to the south and east, and 1, 21 miles 
to the south and west. 

In July, 2 females were recaptured, 1, 174 miles to the south and west, and 1, 26 
miles to the north and west. 

A male was taken in August, 7 miles to the south and west, and 2 females in 
October, both to the south and west, at distances of 46 and 50 miles respectively, 
1 close to the Bell Rock, and the other to the south-east of the Isle of May. 

A male was taken in November, north-east of the Isle of May, at a distance of 
47 miles to the south and west, and another in December, 13 miles to the north and 


west. 


[Tapie. 
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In February 1915, a female was captured, after 636 days, 9 miles to the north 
and west, and in December of the same year a male, after 945 days, 30 miles to the 
north and west, south-east of Buchanness. 


Nor et Aggregate | Average 


. : : Mean 
Quadrant. Sex. 3 Distance Distance : ; 
Fish. (miles). (miles). Direction. 

N. and E. Adult Males. 1 11 11 ING CABS 
Immature Males. 1 L7 17 N. 16° E. 

Adult Females. 2 22 ll INGA TSB 

4 50 12 N. 25° E 
N. and W. Adult Males. 7 121 17 N. 37° W. 
Adult Females. 7 201 29 N. 63° W. 
14 322 23 N. 50° W. 

S. and E. Adult Males. 1 20 20 S. 38° E 

Adult Females. 2 81 40 S. 38° EB. 

3: 101 34 S. 38° E 

S. and W. Adult Males. il 530 31 S. 56° W 
Immature Males. 3 125 42 S. 61° W 
Adult Females. 20 614 31 S. 53° W. 

Immature Females. 4 116 29 S. 67° W 

44 1385 31 S. 56° W 

SUMMARY. 

N. and E. 4 50 12 | N. 25° E. 
N. and W. 14 322 23 N. 50° W. 

S. and E. 3 101 34 S. 38° EB. 
S. and W. 44 1385 31 S. 56° W. 
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Distances travelled—Under 10 miles.—Ten of the marked plaice, or 15:4 per 
cent., were found at distances of from 7 to 10 miles, viz. 4 males (13°3 per cent.), 
with an average of 8:2 miles, and 6 females (17-1 per cent.), with a mean of 8 miles. 
Two of the males and 3 of the females were got to the south and west, and 2 males 
and 3 females to the north and west. 

10 to 20 m:les.—Fourteen, or 21°5 per cent., migrated distances of from 11 to 
19 miles, viz. 7 males (23°3 per cent.), with an average of 14-3 miles, and 7 females 
(20 per cent.), with an average of 15°3 miles. Three of the males and 1 of the females 
were taken to the north and west, 2 males and 3 females to the south and west, 
2 males and 2 females to the north and east, and 1 female to the south and east. 

Thus, 24, or 36°9 per cent,, went distances under 20 miles, 11 males (36°6 per 
cent.), with an average of 12 miles and 13 females (37°1 per cent.), with an average 
also of 12 miles. 

20 to 50 miles.—Thirty-four, or 52°83 per cent., travelled distances between 20 
and 50 miles, 16 (53°3 per cent.) being males, with an average of 33 miles, and 18 
(51:4 per cent.) females, with a mean also of 33 miles. Two males and 2 females 
were found to the north and west, 13 males and 16 females to the south and west, 
and 1 male to the south and east. 

50 to 100 miles.—Six, or 9:2 per cent., moved distances of from 514 to 64 miles, 
3 males (10 per cent.), with an average of 55 miles, and 3 females (8°6 per cent.), with 
a mean of 58°5 miles. All the males and 2 of the females were found to the south 
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and west ; they were taken off the mouth of the Firth of Forth, except one got in the 
offshore waters, more to the east. 

Over 100 miles.—Only 1 fish, a female, was recaptured over 100 miles ; it was 
taken off Noss Head, Moray Firth, at a distance of 109 miles to the north aad west. 


MATURITY. 


Males.—The condition of the testes was ascertained in 28 of the 30 males 
recaptured. 

One was described as “spawning”; it was caught 12 miles to the north and 
west, in May 1914. 

Four were “‘ripe”’ ; 2 were taken 9 miles and 11 miles respectively to the north 
and west, in April 1914, and June 1913; 2 were found to the south and west, at 
distances of 21 and 52 miles, in February 1914 and March 1914. 

Four were described as “ spent,” all taken to the south and west, at distances of 
28, 40, 34, and 514 miles repectively, in June 1913, May 1914, May 1914, and 
July 1913. 

Six were “nearly ripe,’ 4 taken to the north and west, at distances of 10, 133, 
13, and 30 miles respectively, in January 1914, December 1913, December 1914, 
and December 1915; 2 were taken to the south and west, at 62 miles, in January 
1914, and at 47 miles i in November 1914. 

Among the adult males described as “ immature,” 1, of 29:5-36"1 cm., was caught 
34 miles to the north and west, on 23rd April 1914. 

Females.—The condition of the ovaries was recorded for 29 of the the 35 females 
recaptured. 

Two were “‘ spawning,” | taken in February 1914, 8 miles to the north and west, 
and 1 in March 1914, 21 miles to the south and west. 

One was “nearly ripe”; it was taken in January 1914, 10 miles to the north 
and west. 

Seven were described as “spent”; 2 of them were got to the north and west, 
at distances of 9 and 19 miles in February 1915 (after 636 days), and June 1913 
respectively ; 1 went to the north and east for 11 miles, being taken in June 1913; 
4 were recovered to the south and west, at distances of 303, 36, 274, and 24 miles, in 
June 1913, Aprii 1914, June 1913, and August 1913 respectively. 

Three were said to be “ three-quarters ripe”; 1 went to the north and west for 
20 miles, being caught in November 1913, the other 2 to the south and west, at 
distances of 46 and 16 miles, in October 1914 and December 1913 respectively, 

Among the 11 of adult size, which were described as ‘“‘immature,” one was taken 
on 8th May 1914, at a distance of 41 miles to the south and west ; it measured 
38°5-42°5 cm. 


‘ 


EXPERIMENT VIII. 
13th November 1913. 


One hundred fishes were marked and liberated in this experiment, namely, 
49 males and 51 females. The males ranged in size from 28°5 to 48°5 em., and 8 
of them were under the adult size when liberated. The females measured from 
26°5 to 51:5 cm., and 21 were under adult size. 

The numbers liberated and recaptured are shown, arranged in 5-cm. groups, in 
the following table :— 


cm. em. ecm. cm. cm. em. 
25-30°5 31-35°5 36-40°5 41-45°5 46-50°5 51-55°5 ~—- Total. 
F. Lib. ‘ : 8 8 12 8 14 1 51 
F. Recap. 1 2 6 6 10 1 26 
M. Lib. é ; 2 13 17 16 1 _ 49 
M. Recap. — 4 7 6 1 — 18 


The fish used in this experiment were taken by the “ Goldseeker ” in Burghead 
Bay, Moray Firth, on the 11th November 1913, before 3 p.m., and they were liber- 
ated on the 13th at 4a.m., the fish meanwhile being kept in tubs of running water, 
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The number recaptured was 44, or 44 per cent., a low proportion ; 18 (36°7 
per cent.) were males, and 26 (51 per cent.) were females. Seventeen of the 
males were of adult size on recapture, averaging 40°8 cm., and ranging from 
34:7 to 48°5 cm., as compared with a range of 31-5 to 48:5 cm., and a mean of 39°5 
cm. on liberation ; they were at liberty for periods of from 15 to 732 days, the mean 
being 197 days ; the distances travelled varied from 4 to 150 miles, the mean being 
54:3 miles, and the average rate of travel 2-7 miles. Tweaty-three of the females 
were of adult size, ranging from 39 to 51°8 cm., and averaging 45°9 cm., as com- 
pared with a range of from 34 to 51:5 cm., and an average of 45:4 cm., on liberation ; 
their periods of freedom varied from 8 to 673 days, the mean being 229-9 days ; 
the distances travelled ranged from 2 to 110 miles, the average being 27'1 miles, 
and the mean rate of travel 1-2 miles. 


Tue ExtENT AND DIRECTION oF MIGRATION. 


First Quarter.—Two fish were caught in the remainder of November, 1, a female, 
after 8 days, 26 miles to the north and west, off Tod Head, and a male 48 miles to 
the south-west, near the Bell Rock. 

A female was taken in December, 23 miles to the north and west, off Girdleness. 

One male and 5 females were recaptured in January 1914, all to the north and 
west, except 1 female, which was taken 52 miles to the south and west, south of the 
Bell Rock ; the male was found 4 miles distant, and 3 of the females at 10 miles ; 
the remaining female was got off Buchanness, at a distance of 35 miles. 

In this quarter, 9 fishes, or 20:4 per cent., were recaptured, 7 (77°8 per cent.) 
at an average distance of 17 miles, N. 57° W., and 2 to the south and west. 

Second Quarter —In February, 6 males and 1 female were recaptured, 2 of the 
males to the south and west, at distances of 153 and 42 miles, the latter to the east 
of the Bell Rock; 1 male was taken at 8 miles to the north-west, and a female 
32 miles in the same direction, in Aberdeen Bay ; 2 of the males were got in the 
Moray Firth, 1 near Banff, at a distance of 744 miles, and the other north of 
Tarbet Ness, at a distance of 119 miles ; the remaining male was recovered on the 
north coast of Scotland, 4 miles east of Strathie Point, at a distance of 1504 miles. 

In March, 3 males and 3 females were recaptured ; a male and a female were 
taken at 45 and 48 miles respectively to the south and west, to the south-east of 
the Bell Rock; 1 female was recaptured 43 miles to the north and east; 
and the remaining fish were taken in the Moray Firth, the female north-east of 
Tarbet Ness, at a distance of 110 miles, one of the males off Burghead Bay, at a 
distance of 106 miles, and the other south-west of Clyth Ness, at 110 miles distant. 

A female was taken in April, 373 miles to the south and west, south-east of 
the Bell Rock. 

In this quarter, 14 fish, or 318 per cent., were recaptured, 8 (57-1 per 
cent.) to the north and west, at an average distance of 89 miles in the mean 
direction N. 19° W.; 5 (35:7 per cent.) to the south and west, at an average 
distance of 38 miles in the mean direction 8. 6° W.; and 1 was found to the 
north and east. 

Third Quarter—One male and 3 females were recovered in May, all to the 
south and west, the male at a distance of 314 miles, and the females at respectively 
154, 37, and 53 miles ; of the last 2, the former was got east of the Bell Rock, and 
the latter north-east of St. Abb’s Head. 

One male and 4 females were recaptured in June, the male 463 miles to the 
south and west, north-east of St. Abb’s Head, and a female 21 miles to the south 
and west; the other 3 females were taken to the north and west, at distances of 
9, 124, and 124 miles respectively. 

In July, a male was caught 41 miles to the south and west, east and south of 
the Bell Rock. 

In this quarter, 10 of the marked plaice, or 22-7 per ceat., were recovered, 7 
(70 per cent.) to the south and west, at an average distance of 35 miles in the 
mean direction §. 56° W., and 3 (30 per cent.) at a mean distance of 11 miles in 
the mean direction N. 15° W. 

Fourth Quarter —A male was taken in September, north of St, Abb’s Head, 
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at a distance of 57 miles to the south and west; and in October, a female was 
found near Scurdyness, Montrose, at a distance of 39 miles to the south and west. 
Thus, there were only 2 fish (4:5 per cent.) recaptured in the fourth quarter. 
In the 12 months after liberation, 35 of the marked plaice, or 79°5 per cent., 
were recovered, 18 (51:4 per cent.) to the north and west, 16 (45:7 per cent.) to 
the south and west, and 1 to the north and east. These particulars are sum- 
marised, quarterly, in the following table :— 


ie 4 | ber Average Range. 
e Sp | Cent Mean | Average |Rate per 
Quarter. Direction. | © 3 | of | Direction. |Distance| 10 Days 
iS © |Total. (miles). | (miles). |Distance.| Rate. 
I. Nov. 1913. | N. and E. Nil. 
Dec. 1913. | N. and W. 7 778 | N. 57° W. WEP = 71 4-85 | °63-32°5 
Jan. 1914. |S. and E. Nil 
S. and W. 2 22°2 | S. 66° W. 50 ‘7 | 48-52°5| 9°5-32 
9 20°4 Sc 
II. Feb. 1914. | N. and E. 1 71 |N. 50° E 45 “36 as Bes 
Mar. 1914. | N. and W. 8 57-1 | N. 19° W. 89 8:2 | 8-150°5| :82-15:0 
April 1914. | 8. and E. Nil 
S. and W. 5 35°7 | S. 60° W. 38 3:2 |15°5-48 |1°82-4:0 
14 31°8 
II). May 1914. | N. and E. Nil. 
June 1914. | N. and W. 3 30 N. 15° W. ll 5 9-12°5| *43-—6 
July 1914 |S. and E. Nil. | 
S. and W. 7 70 | S. 56° W. 35 18 |15°5-53 | -91-2°75 
10 22°7 
IV. Aug. 1914. | N. and E. Nil. 
Sept. 1914. | N. and W. Nil. 
Oct. 1914. |S. and E. Nil. 
S. and W. 2 |100 8. 63° W. 48 1°5 
2 4°5 


SUMMARY. N. and E. 1 2°8 


Of the remaining fish, only 1 was taken in the remainder of 1914, and 7 in 
1 ae 

In November 1914, a male was recaptured 38 miles to the south and west, 
off-shore, to the north-east of St. Abb’s Head. 

A female was caught in January 1915, 32 miles to the north and west, at 
Aberdeen Bay. In February, a male was got only 4 miles to the north and west. 
In April, a female went 24 miles to the south and west. In July, a female had 
gone 30 miles to the north and west, north-east of Aberdeen. In September, 
2 females, were taken, 1, 2 miles to the south and west, and the other 8 miles to 
the north and west. And, in November, after 732 days, a male was caught 13 
miles to the north and west. 


[TABLE. 


\x)\ 22m 


Nz, Base ¥ 
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Novel Aggregate | Average 


Quadrant. Sex. Fish. Distance Distance ioe 
(miles). (miles). 
N. and E. Adult Females. 1 4 4 N. 50° E. 
N. and W. Adult Males. 9 588 65 N. 29° W. 
Adult Females. 13 349 27 N. 36° W. 
Immature Females. 1 10 10 N. 61° W. 
23 947 41 N. 35° W 
S. and E. Nil ! 
S. and W. Adult Males. 8 332 41 S. 50° W 
Immature Males. 1 31 31 S. 54° W 
Adult Females. 8 241 30 S. 57° W. 
Immature Females. 2 87 43 S. 72° W 
19 691 36 8. 55° W 
SUMMARY. 
N. and E. 1 4 4 N. 50° E. 
N. and W. 23 947 4 N. 35° W. 
S. and E. Nil. 
S. and W. 19 691 36 S. 55° W 


Distances travelled—10 miles and under—Ten, or 23:2 per cent., were re- 
captured at distances of from 2 to 10 miles, 5 males (16°6 per cent.), with an average 
of 5°3 miles, and 7 females (28 per cent.) witha mean of 7-6 miles. All the males 
and 5 of the females were found to the north and west, 1 female to the north and 
east, and 1 to the south and west. 

10 to 20 miles.—Five, or 11:6 per cent., were got at distances of from 123 to 
154 miles, 2 males (11:1 per cent.), with an average of 14 miles, and 3 females 
(12 per cent.), with an average of 13:5 miles. One male and 2 females were found 
to the north and west, 1 male and | female to the south and west. 

Thus, under 20 miles from the station, the number recaptured was 15, or 34°9 
per cent., viz. 5 males (27:7 per cent.), with an average of 8-9 miles, and 10 females 
(40 per cent.), with a mean of 9°4 miles. 

20 to 50 miles.—19 of the marked plaice, or 44:2 per cent., were recovered at 
distances of from 21 to 48 miles, 7 males (38°8 per cent.), with an average distance 
of 42 miles, and 12 females (48 per cent.), with an average of 32 miles. All the 
males and 6 of the females were found to the south and west, and 6 females to 
the north and west. 

50 to 100 miles.—Four, or 9°3 per cent., were taken at distances of from 524 
to 742 miles, 2 males (11:1 per cent.), with an average of 66 miles, and 2 females 
(8 per cent.), with a mean of 52°7 miles; 1 male migrated north and west, and 
the other and both females to the south and west. 

Over 100 miles.—Five fish, or 11:6 per cent., were recaptured at distances of 
from 106 to 150} miles, 4 males (22:2 per cent.), with an average of 121:5 miles, 
and 1 female (4 per cent.), which migrated 110 miles. All these fish were taken 
to the north and west. 


MATURITY. 
Males.—The condition of the testes was recorded for 17 of the 18 males 
recaptured. 
Five were “spawning”; 4 were taken to the north and west, and 1 to the 


south and west, the latter in March 1914, north-east of St. Abb’s Head, at a distance 
of 45 miles; 1 of those which migrated to the north and west was taken at a 
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distance of 8 miles, in February 1914, 2 of the others in the Moray Firth, at distances 
of 106 and 1194 miles, in March and February 1914, while the third was captured 
off the north coast of Scotland, in February 1914, at a distance of 1503 miles ; 
the rate of travel of the last fish was 91, 11:2, and 15 miles per 10 days of freedom. 

Three were “ripe,” 1 taken 4 miles to the north-west, in January 1914, 1, 42: 
miles to the south and west, in February 1914, off the Bell Rock, and the third 
in the Moray Firth in March 1914, at a distance of 110 miles. 

One was described as ‘‘nearly ripe”; it was taken in November 1913, 48 
miles to the south and west, off the Bell Rock. One, said to be “ three-quarters 
ripe,” was got in November 1915, 13 miles to the north and west. 

Among those of adult size described as “‘immature ” were 2 taken in February 
1914, 1, 154 miles to the south and west, which measured 36-36°3 cm., and the 
other, taken in the Moray Firth, at a distance of 74 miles, and measuring 37:5- 
37-7 cm.:; the third was captured in February 1915, 4 miles to the north and 
west, and measured 31°5-41 cm. 

Females.—The condition of the ovaries was ascertained in 25 of the 26 females 
recaptured. 

Two were “spawning,” 1 taken in January 1914, 35 miles to the north and 
west, off Buchanness, and the other in March 1914, in the Moray Firth, at a 
distance of 110 miles. 

One was described as “ripe”; it was caught in January 1914, at a distance 
of 524 miles t» the south and west, south of the Bell Rock. 

Five were said to be ‘spent’; 4 were taken in June 1914, 3 of them to the 
north-west at 9, 124, and 12} miles, and the fourth 21 miles to the south and west, 
and 1 in May 1914, 153 miles to the south and west. 

Three were “nearly ripe”; they were all taken to the north and west, 1 in 
November 1913, at a distance of 26 miles, 1 in December 1913, at 23 miles, and 
the third in February 1914, at a distance of 32 miles. Two were described as 
“about three-quarters ripe,” 1 taken in January 1915, 32 miles to the north and 
west, the other ir September 1915, 8 miles to the north and west. 

Of those of adult size on recapture, whose ovaries were “immature,” 5 were 


taken within the limits of the spawning season, 2 in January 1914, both at 10 


miles to the north and west, and measuring respectively 40-40°5 cm., and 42°5- 
49-7 cm.: 1 was taken in March 1914, 43 miles to the north and west, and measured 
36°5-39 cm.; 1 was caught in April 1914, 374 miles to the south and west, 
measuring 38°5-41:2 cm.; another in April 1915, 24 miles south and west, 
measuring 34-42°2 cm. 


EXPERIMENTS Near Fair ISLE. 


In the neighbourhood of Fair Isle, 8 experiments were made, extending from 
4th November 1910 to 22nd November 1912, 940 plaice being marked and liberated, 
of which 371 were males, 551 females, and 18 of unknown sex. 

The number recaptured was 461, or 49 per cent., viz. 180 males (48°5 per cent.); 
275 females (49-9 per cent.), and 6 of unknown sex (33:3 per cent.). 


| Liberated. Recaptured. 

es: “bys Ls | Percentages 

' Place. Date: | | | | Recaptured. 

| SWS Wty Cotati Sse Oo) eC?) | Lotal)| 

| nae ma is | 

Bey N 1°03’ W. | 4 Nov. 1910, -|109|183| 4| 246 | 63| 83) 1| 147 [57-8[ 61-7} ... 

50°08’ N. 1°26’ W.| 15 Sept.1910. | 14] 15] 1/ 30 | 7] 7|...| 14 |50° /46-6] ... 

|59° 30° N. 1° W. 15 Sept. 1910. |100|155| 7} 262 | 51] 77| 3| 181 |51- | 49-7|(42°9) 

BeOG’ WN. 1° 14’ W.| 15 Sept. 1910.. | 10] 20)...; 30 | 7| 12] ...| 19 |70° |60- | ... 

59°90’ N. 1°3/ W. | 11 Aprili911. | 33] 37/...| 70 | 11] 20]... | 381 |88°3/54-1/ ... 

| 59° 44’ N. 0°33’ W. | 12 Oct. 1911. | 32] 64] 4| 100 | 14) 26) 2] 42 | 43-7) 406 (50°) 

| 59°20’ N. 1°3’ W. | 19 June 1912. BA | 7) 0) 1102) 11) B55] 46 | 85°51 49-8) 10. | 

| 59°20’ N. 1°3/ W. | 22 Nov. 1912. | 42] 56) 2/ 100 | 16] 15) 31 |38-1|26-8| ... | 

—— —— eon | a —— ee | 

Total. |371| 551 18 | 940 |180|275| 6 | 461 |48°5| 49-9| 33:3 
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EXPERIMENT I. 
4th November 1910. 


In this experiment, the large number of 246 plaice were marked and liberated, 
at a position 22 miles south-east of Fair Isle, 59° 20’ N.; 1° 3’ W., where the depth 
is 44 fathoms. Of the total, 109 were males, 133 females, and 4 of unknown sex. 
The males measured from 30:5 to 40 cm., and 7 were under adult size when liber- 
ated. The females ranged from 31°5 to 48°5 cm., and 63 were under adult size on 
liberation. 

The numbers liberated and recaptured, arranged in 5-cm. groups, were as 
follows :— 


cm. cm. cm. cm. cm. 

25-30°5 = 31-35°5 36-40°5 41-45°5 46-50°5 Total. 
F. Lib. — 36 72 23 2 133 
F. Recap. — 26 45 11 1 83 
M. Lib. 2 49 58 — — 109 
M. Recap. ; — 28 35 — — 63 
(3 Oil RIGA ; : — 1 3 — — + 
? Recap. i ; — = 1 — — 1 


The fish used in this experiment were taken by the ‘“‘ Goldseeker ” in Aberdeen 
Bay on the afternoon of the 3rd November, and were liberated at 9 o’clock on the 
morning of the 4th. 

The number recaptured was 147, or 59°3 per cent., namely, 63 males (57°8 per 
cent.), 83 females (61-7 per cent.), and 1 whose sex was not ascertained. All the 
males were of adult size on recapture, ranging from 33:1 to 47°8 cm., and Bisse 
38°6 cm., as compared with a range of from 32°5 to 40 cm., and a mean of 36:2 cm 
on liberation ; they were free for from 1 to 175 days, the mean being 281 days; 
they migrated distances of from 63 to 208 miles, the average being 75°6 miles, and 
the mean rate 2°6 miles. Of the females, 60 were of adult size on recapture, 
averaging 44:1 cm., and ranging from 38:4 to 54:5 cm., as against a range of from 
32 to 46:5 cm., and an average of 38°8 cm. on liberation ; they were at liberty 
for from 28 to 1313 days, the mean being 206 days; they travelled distances of 
from 10 to 149 miles, the mean being 52°6 miles, and the average rate 2-5 miles. 
Twenty-three of the females were under adult size on recapture, averaging 35°3 cm., 
and ranging from 32°5 to 37°3 cm., as against an average of 34°6 cm., and a range 
of from 31°5 to 36:5 cm. on liberation ; their periods of freedom varied from 1 to 
214 days, the mean being 99 days; they moved distances of from 6 to 137 miles, 
the average being 62-7 miles, and the mean rate 6°4 miles. 


THE EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—In November, 1 male ana 5 females were taken, the male at a 
distance of 6 miles to the north and west; 4 of the females were also taken to the 
north and west, at distances of 6, 6, 10, and 17 miles; the remaining female had 
moved south and west for a distance of 24 miles. 

In December, 2 males and 5 females were taken. One of the males was recap- 
tured at the entrance to the Moray Firth, south-east of Noss Head, 73 miles to the 
south and west, the rate of movement being 16:2 miles per 10 days; the other 
male was recaptured about 5 miles E.S.E. of Stonehaven, 147 miles to the south- 
ward, the rate of movement being 27:7 miles per 10 days; of the females, 1 was 
taken by a foreign trawler in the Moray Firth, at an unspecified place, and landed 
at Ostend ; another was recaptured to the north of the Shetlands, off Noup Head, 
61 miles to the north and west ; the other 3 were caught to the south and west, 
2 near Noss Head, in the Moray Firth, at distances of 75 and 79 miles respectively, 
and the third off Rattray Head, at 100 miles distant ; the rates of movement of 
these fish were respectively 14:1, 23-9, and 26°3 miles per 10 days. 

In January 1911 3 males and 6 females were taken. All the males were recap- 
tured to the south and west, 1 at the entrance to the Pentland Firth, 57 miles 
distant, 1 near Noss Head, in the Moray Firth, at a distance of 73 miles, and the 
third off Tod Head, Kincardineshire, 153 miles to the south and west ; the rates of 
movement in these cases were 7:4, 9°3, and 21:2 miles. Two of the females were 
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taken in the “‘ Moray Firth.” and landed at a foreign port ; the others had all moved 
to the south and west ; 1 was taken at the Shetland Isles, 45 miles away ; another, 
at the entrance to the Pentland Firth, at a distance of 63 miles; 1 was recaptured 
on the north coast, off Whiten Head, at a distance of 116 miles ; and the remaining 
female was taken near Aberdeen, at a distance of 137 miles; the latter had moved 
21-1 miles in 10 days. 

In this quarter, therefore, 22 fish were recovered, or 14-9 per cent., 16 (73 per 
cent.) to the south and west and 6 (27 per cent.) to the north and west. An 
examination of the chart shows the general movement south-west to the northern 
part of the Moray Firth, and, in the case of 3 of the fish, southwards to the coast of 
Aberdeen or Kincardine. 

Second Quarter.—In February 1911, 3 males and 2 females were caught, 1 of the 
males in the ‘“‘ Moray Firth” by a foreign trawler; another to the east of the 
Orkneys, 36 miles to the south and west, and the third to the west of the Orkneys, 
8 to 10 miles 8.S.E. of Sule Skerry, at a distance of 100 miles. One of the females was 
taken to the north and west, off Noup Head, Orkneys, at a distance of 68 miles; the 
other, north-east of Rattray Head, at a distance of 81 miles to the south and west. 

In March, 8 males and 3 females were recaptured, all to the south and west ; 
1 of the males and 1 of the females were taken in the “ Moray Firth,” and landed 
at a foreign port; another female was taken east of the Shetland Isles, at a dis- 
tance of 36 miles; the remaining female was captured north of Kinnaird Head, 
at a distance of 79 miles ; of the males, 1 was got at the same place, off Kinnaird 
Head, at a distance of 79 miles; another, on the north coast, off Sandside Bay, 
at 95 miles distant ; 2 others were taken also on the north coast, farther to the 
westward, off Rabbit Island, at a distance of 112 miles; another was captured 
close to Tarbet Ness, in the Moray Firth, at 123 miles distant ; the 2 remaining 
males had migrated to the west coast, 1 being taken 10 miles W.S.W. from Cape 
Wrath, at a distance of 138 miles, and the other in the Gairloch (57° 43’ N. ; 5° 43’ W.) 
at a distance of 208 miles; the rates of movement of the last 2 were respectively 
10°5 and 16-4 miles per 10 days. 

In April, 18 of the marked plaice were recaptured, consisting of 7 males, 10 
females, and 1 whose sex was not ascertained. Two of the females were taken by 
foreign trawlers in the Moray Firth, the position unspecified ; a third female was 
recovered to the north-west of the Shetlands, off Ronasvoe, at 86 miles to the 
north-east ; a fourth was taken off Foula, 51 miles to the north and west; the 
others were got at the following localities :-—36 miles to the south-west, off Auskerry ; : 
85 miles to the south-west, off Kinnaird Head; 41 miles to the south- west, off 
Auskerry ; 35 miles to the south-west, east of the Orkney Isles; 72 miles to the 
south-west, south-east of Noss Head; and 12 miles W. 3 N. of Cape Wrath, at a 
distance of 140 miles. Of the males, 1 was taken 41 miles to the north-west, at the 
Orkney Isles; another, south-west of Cape Wrath, at a distance of 131 miles ; 
another, east of the Orkney Isles, 41 miles to the south and west; the fourth, east 
of the Shetlands, at 37 miles to the south and west ; the fifth, on the north coast, off 
Whiten Head, at 109 miles distant ; the sixth, 63 miles to the south-west, off Noss 
Head ; the remaining male was recaptured 16 miles east of the Bell Rock, at a 
distance of 170 miles to the south and west ; the fish whose sex was unknown was 
taken east of the Orkneys, at a distance of 40 miles to the south and west. 

Thus, in the second quarter, 34 fish, or 23-1 per cent., were recaptured, 29 
(85-2 per cent.) to the south and west, 4 (11°8 per cent.) to the north and west, and 
1 to the north and east. The migration chart shows the same general features as 
in the first quarter, with this difference that several of the fish were found to the 
westwards, towards Cape Wrath, and south of it, and a considerable number east 
of the Orkney Isles, and some northwards towards the Shetlands. 

Third Quarter —In May, 2 males and 14 females were recaptured, the position 
of 1 of the females not being ascertained. The 2 males were taken to the south- 
west, east of the Orkneys, at 37 and 45 miles to the south and west. Eight of the 
females were also got to the south and west, 5 east of the Orkneys, at distances of 
from 36 to 44 miles; 1 was taken far in the Moray Firth, to the north-east of 
Tarbet Ness, 102 miles to the south aad west ; another near the Pentland Firth, 
52 miles to the south and west; 1 on the north coast, off Strathie Pomt, about 100 
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miles distant ; another female was taken 54 miles off Cape Wrath, 127 miles to the 
south and west ; another 17 miles to the north and west ; | 1s described as having 
been captured 178 miles EK. by 8. of Aberdeen (57° 20’ N.; 3° 30’ E.), 187 miles 
to the south and east. One female went to the north and east for 22 miles ; another 
to the north and west for 30 miles, and the remaining female had no particulars 
of capture recorded. 

In June, 25 of the marked plaice were recaptured, 15 males and 10 females. 
Twelve of the males migiated to the south and west, all, with one exception, being 
captured to the east of the Orkney Isles, at distances of from 33 to 43 miles from 
the station ; the exception was taken off the north coast of Scotland, at a distance 
of 79 miles to the westward ; 3 males had moved to the north and west ; 2 were 
taken to the west of the Orkney Isles, off Stack Skerries, at a distance of 95 and 
96 miles, and one 6 miles off Foula, 52 miles distant. Of the females, 9 were 
taken to the south and west, 8 of them being captured to the east of the Orkney 
Isles, at distances of from 32 to 40 miles ; the other female was found in the Moray 
Firth, off Portknockie, on the south shore, at a distance of 102 miles ; the remaining 
female was recaptured to the north and west, at a distance of 15 miles. 

In July, 4 males and 5 females were taken ; 2 of the males were found to the 
south and west, at 14 and 41 miles, and 2 to the north and west, at 14 and 49 miles ; 
the latter near Foula. Two of the females were taken to the south and west, at 
14 and 21 miles, and 3 to the north and west, at 10, 13, and 16 miles 

In this quarter, 50 fish, or 34 per cent., were recaptured, the place of capture 
being known for 49 (333 per cent.), and of these, 34, or 69-4 per cent., migrated 
a mean distance of 44 miles in the mean direction 8. 76° W., 13, or 26°5 per cent., 
an average distance of 44 miles in the mean direction N. 54° W., while 1 moved 
north and east, and | south and east. The migration chart shows a great concentra- 
tion of the plaice to the east of the Orkney Isles, where most were recaptured. 

Fourth Quarter.— A male and a female were taken in August, the male 36 miles 
to the south and west, to the east of the Orkneys, and the female 17 miles to the 
north and west. 

In September, a male was recovered 16 miles to the north and west, and in 
October, another male 9 miles to the north and west. 

In this quarter, only 4 fish, or 2°7 per cent., were taken, 3 to the north and 
west, and | to the south and west. 

In the 12 months immediately following liberation 110 marked plaice, or 74°8 
per cent., were recaptured, of which 9 had no particulars given ; 71 (70°3 per cent.) 
migrated to the south and west ; 27 (26:7 per cent.) to the north and west; 2 to 
the north and east, and | to the south and east. 

Of the remaining fish, 2 were taken in the remainder of 1911, 27 in 1912, 3 in 
1913, and 3 in 1914. 

In November 1911. a male was taken off the Pentland Skerries, 60 miles to the 
south and west, and in December, another male was recaptured 103 miles N.W. 
by N. of Cape Wrath, on the west coast, 138 miles to the westwards. 

Two females were taken in January 1912, 1, 15 miles to the north and west, 
and the other 24 miles to the north and east, off Sumburgh Head, Shetland. In 
February, 4 males and a female were taken, the latter 48 miles to the south and 
west, east of the Orkneys. All the males had moved to the westwards ; 1 was 
taken off Strathie Point, on the north coast, at a distance of 99 miles ; another 
was found 6 miles W.N.W. of Loch Laxford, on the west coast, at a distance of 
145 miles ; another south-west of Cape Wrath, at a distance of 144 miles, and 
the last 7 miles to the north and west, to the Butt of Lewis, at a distance of 169 
miles. The 3 males last referred to had travelled at the mean rate of from 3 to 
3°5 miles per 10 days. One male and 3 females were taken in March, the male 
off Lossiemouth, in the Moray Firth, 100 miles to the south and west ; 1 of the 
females was taken on the north coast, off Whiten Head, at a distance of 107 miles ; 
another farther north of the same place, at a distance of 102 miles, and the third 
27 miles N.E. 3 E. of the Butt of Lewis, at a distance of 149 miles. A male and 
2 females were recaptured in April, the male 7 miles E.8.E. from Stack Skerry, 
west of the Orkneys, at a distance of 99 miles ; 1 female in the Moray Firth, south 
of Tarbet Ness, at a distance of 92 miles to the south and west, and the other off 
Cape Wrath, at a distance of 121 miles. Two females were taken in May, both 
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to the north and west, 1 at 15 miles and the other at 50 miles, 6 miles south-east 
of Foula. Two males and 3 females were taken in June, 1 of the males and 1 of 
the females near Foula, 51 and 53 miles to the north and west ; the others were got 
to the south and west, the male and 1 female to the east of the Orkneys, at 33 and 
38 miles, and the other female in the Moray Firth, about midway between Noss 
Head and Kinnaird Head, at a distance of 80 miles. In July, a male and 2 females 
were recaptured, the females to the north and west, at 13 miles, and the male near 
Rattray Head, 95 miles to the south and west. A female was recaptured in August, 
close to Noss Head, in the Moray Firth, 82 miles to the south and west. In November, 
a male was taken north of Kinnaird Head, 66 miles to the south and west, ard a 
female near Duncansby Head, 63 miles to the south and west. A male was taken 
in March 1913, to the east of the Orkneys, at a distance of 39 miles to the south 
and west, and in April, a female off Strathie Point, on the north coast, at a distance 
of 100 miles to the south and west. A male was taken in August, ofishore, south- 
east of Aberdeen, 154 miles to the southwards, and in January 1914, a male was 
recaptured 1} miles off Whitehills, on the south coast of the Moray Firth, at a 
distance of 109 miles to the south and west. A female was recaptured in May 
1914, 13 miles to the north and west, and the last fish of the experiment was taken 
in June 1914, after 1313 days, a female, also 13 miles to the north and west. 

An inspection of the migration chart for this experiment shows the lines radiating 
in great numbers to the south and west, the greater number to the east of the 
Orkneys and into the western half of the Moray Firth. A number moved down 
the east coast of Scotland ; 6 were taken north east of Kinnaird Head, and 6 farther 
to the south, 1 of them to the eastern side of the Beli Rock. Six fish were recaptured 
near Foula, Shetlands, and 1 farther to the north, off the west of the Shetlands. 
Two were taken to the north-west of the Orkneys, and 26 west and south-west of 
the Orkneys ; 9 on the north coast ; 8 in the vicinity of Cape Wrath ; 2 off the 
Butt of Lewis, and | in the Gairloch, close to the Isle of Skye. 


Aggregate | Average 
Quadrant. Sex. No. of _ Distance Distance Mean 
Fish. : : Direction. 
| (miles). (miles). 
N. and E. Adult Females. 2 46 23 INGE S82 Be 
Immature Females. 1 86 86 INGee isis 
3 132 44 INES Seek: 
N. and W. Adult Males. 14 935 67 N. 61 ow. 
Adult Females. 22 949 43 N. 51° W. 
Immature Females. 5 107 ol N. 53° W. 
41 1991 48 N. 55° W 
S. and E. Immature Females 1 187 187 5.33°E. 
cag w | Adult, Males. 47 | 3674 IS oR BYE Wo tas 
Adult Females. 31 1898 | 61 S. 75° W 
Immature Females. 12 811 68 S. 46° W 
? Sex. 1 40 40 S. 77° W. 
91 | 6423 70 S.67°W. 
SUMMARY. 
N. and E 3 132 44 N. 8° E 
N. and W 41 1991 48 N. 55° W. 
S. and E. 1 187 187 Saoow be 
S. and W 91 6423 70 S. 67° W 
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Distances travelled—10 milzs and under.—-Six fish, or 44 per cent., were 
recaptured at distances of from 6 to 10 miles. namely, 2 males (3°3 per cent.), with 
an average of 7°5 miles, and 4 females (5:4 per cent.), with an average of 8 miles. 
All the fish were found to the north and west. 

10 to 20 miles.—Sixteen, or 11:8 per cent., were recaptured at distances of from 
13 to 17 miles ; 3 males (4°9 per cent.), with an average of 14°6 miles, and 13 females 
(17°6 per cent.), with an average of 14-7 miles. Two of the males and 12 of the 
females were found to the north and west, 1 male and female to the south and west. 

Thus, 22, or 16-2 per cent., were recaptured under 20 miles ; 5 males (8-2 per 
cent.), with an average of 12:2 miles, and 17 females (22-9 per cent.), with 
an average of 13:1 miles. 

20 to 50 miles.—Forty-niae fish, or 36 per cent., were recaptured at distances 
of from 21 to 50 miles, namely, 22 males (36'1 per cent.), with an average of 38°9 
miles, 26 females (35°1 per cent.), with an average of 36°5 miles, and | of uaknown 
sex. Twenty of the males and 21 of the females were found to the south and 
west ; 2 males and 3 females to the north and west, and 2 females to the north 
and east. 

50 to 100 miles—Thirty-eight fish, or 27°9 per cent., were taken at distances 
of from 51 to 100 miles, namely, 18 males (29-5 per cent.), with an average of 
79:5 miles, and 20 females (27 per cent.), with an average of 76-1 miles. Twelve 
males and 15 females were found to the south and west ; 6 males and 4 females 
to the north and west, and 1 female to the north and east. 

Over 100 miles. Twenty-seven fish, or19°8 per cent., were recaptured at distances 
of from 102 to 208 miles, namely, 16 males (26-2 per cent.), with an average of 
141°5 miles, and 11 females (14:9 per cent.), with an average of 126:4 miles. Four- 
teen of the males and 6 of the females were found to the south and west ; 2 males 
and 4 females to the north and west; and 1 female to the south and east ; 
most of these fish were recaptured on the north coast of Scotland, or im the neigh- 
bourhood of Cape Wrath, bat some of them were recaptured on the east coast 
of Scotland. 

Maturity. 


Males.—The condition of the testes was recorded for 42 of the 63 recaptured. 

Eight were “spawning ;”” 3 were taken in March 1911, to the south and west, 
1 at a distance of 79 miles, and 2 at a distance of 112 miles: the former was 
recaptured near Kinnaird Head, in the Moray Firth; the 2 latter on the north 
coast towards Cape Wrath. Two were taken in April 1911, also on the north coast, 
at distances of 109 and 131 miles. One was taken in February 1912, also on the 
north coast, at 99 miles distant, and another in June 1912, to the east of the Orkneys, 
at 38 miles distant to the south and west. The eighth “spawning” male was 
taken in January 1914, after 1175 days, off Whitehills, on the south shore of the 
Moray Firth, 109 miles to the south and west. 

Nine were described as “ripe”; two were taken in January 1911, one in the 
Moray Firth, off Noss Head, 73 miles to the south and west; the other off Tod 
Head, Kincardineshire, on the east coast, at a distance of 153 miles to the south 
and west. In February 1911, two were taken; 1, 36 miles to the south and west, 
east of the Orkneys, the other on the north coast ata distance of 100 miles to the 
westward. One was caught in March 1911, south-west of Cape Wrath, 138 miles 
to the south and west; 2 were taken in June 1911, both east of the Orkneys, 35 
and 40 miles to the south and west ; 1 caught in July 1911, near Foula, 49 miles 
to the north and west, and 1 taken in February 1912, south-west of Cape Wrath, at 
145 miles distant. 

Nine were described as “ spent ;”’ 1 taken in March 1911, on the north coast, 
at Sandside Bay, 95 miles to the south and west ; another in April 1911, east of 
the Orkneys, at a distance of 41 miles to the westward ; 3in June 1911, east of the 
Orkneys, 37 and 38 miles south and west ; 1 was taken in July 1911, east of the 
Orkneys, 41 miles to the south and west ; another in April 1912, on the north coast, 
at a distance of 99 miles. In June 1912, 1 was recaptured near Foula, 51 miles 
to the north and west, and in July 1912, another near Rattray Head, 95 miles to 


the south and west. 
Five were “nearly ripe,” 1 taken in October 1911, 9 miles to the north and 
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west ; another in November 1911, 60 miles to the south and west, near the Pent- 
land Skerries, the third in December 1910, in the Moray Firth, 73 miles to the south 
and west, off Noss Head ; the fourth in March 1912, north of Tarbet Ness, in the 
Moray Firth, 100 miles to the south and west ; the fifth in November 1912, north 
of Kinnaird Head, 66 miles to the south and west. 

One described as “4 ripe”? was taken in December 1910, off Stonehaven, on the 
east coast, at a distance of 147 miles to the south and west. 

Among those whose testes were “immature,” was one measuring 34-34:2 cm. 
It was recaptured in April 1911, near the Bell Rock, at a distance of 170 miles to 
the south and west. 

Females.—The condition of the ovaries was ascertained in 57 of the 83 recaptured. 

Only one was “ spawning”; it was taken in April 1913, after 907 days, on the 
north coast, at a distance of 100 miles to the south and west: 

Two were described as “ripe,” 1 taken in March 1912, on the north coast, at 
a distance of 107 miles, and the other in June 1911, east of the Orkneys, 32 miles 
to the south and west. 

Three were “nearly ripe,” 2 taken in January 1911, both to the south and west, 
1 east of the Orkneys, at a distance of 45 miles, and the other on the north coast, 
at a distance of 116 miles; 1 was taken in December 1910, off Noup Head. 

No less than 17 were described as “spent”; 2 were taken in April 1911, 
1 near Foula, 15 miles to the north and west, the other south-west of Cape Wrath, 
140 miles to the south and west ; 1 was caught in May 1911, on the north coast, 
off Strathie Point, 100 miles to the south and west ; 1 in June 1911, to the east of 
the Orkneys, 39 miles to the south and west, and 2 in July 1911, 1, 21 miles to the 
south and west, the other 10 miles to the north and west. A “spent ” female was 
recaptured in March 1912, off Strathie Point, on the north coast, at a distance 
of 102 miles to the westwards ; in January 1912, another was captured 15 miles 
to the north and west, and in April, 2, one off Noss Head, in the Moray Firth, 92 
miles to the south and west, and the other near Cape Wrath on the west coast, at 
a distance of 121 miles; 2 were taken in May 1912, 1, 15 miles to the north and 
west, and the other at Foula, 50 miles to the north and west. Two were taken 
in June, | near Foula, 53 miles to the north and west, and the other east of the 
Orkneys, 33 miles to the south and west. In May 1914, 1 was taken 13 miles to 
the north and west, and in June, another 13 miles to the north and west. The 
seventh “spent ”’ fish had no date of recapture given. 

Among those of adult size with “immature ” ovaries, 2 were recaptured in 
April 1911, 1 measuring 39-40°6 cm., at the entrance to the Moray Firth, north of 
Kinnaird Head, and the other measuring 37°5 to 39:5 cm., east of the Orkneys, 
36 miles to the south and west. 

Among the females under adult size recaptured, was 1 taken in March 1911, 
off Kinnaird Head, 79 miles to the south and west, which was described as ‘‘ spawn- 
ing,” measuring 34 to 35:5 cm. 

EXPERIMENT II. 
15th September 1910. 

At this station, 7 miles 8.E. by 3 E. of Fair Isle (59° 28’ N.; 1° 26’ W.), where 
depth was 52 fathoms, 30 marked plaice were liberated on 15th September 1910, 
namely, 14 males, fifteen females, and 1 of undetermined sex. The size of the males 
was from 32°5 to 38°5 c.m., and of the females 34 to 43-5 c.m., and 2 of the males 
and 10 of the females were under adult size on liberation. 

4 The numbers liberated and recaptured, arranged in 5-cm. groups, ‘were as 
ollows :-- 


cm cm. cm Cc 
; 25-30°5 31-35°5 36-40°5 41-45°5 Total 
=; Lib. . ; : ; ‘ -- 5 8 2 15 
F. Recap. ‘ : ; — 2 5 = a 
M. Lib. ; : : : 8 6 — 14 
M. Recap. : : i — 4 3 — vi 
Sex . : : : ; — — 1 — 1 


_ The fish used were caught in the vicinity by the “ Goldseeker ” on the same day. 
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The number recaptured was 14, or 46-7 per cent. ; 7 males (50 per cent.) and 
7 females (46°6 per cent.). Six of the males were of adult size on recapture, averag- 
ing 38°8 cm., compared with 35 cm. on liberation ; they were at liberty for an 
average period of 385 days, and migrated from 8 to 236 miles, the average being 
66:5 miles, and the mean rate of movement 1:7 miles. Five of the females were 
of adult size, averaging 41°8 cm. as against 37°3.cm. on liberation ; they were at 
liberty for an average period of 319 days, and migrated distances of from 5 to 136 
miles, the mean being 62°9 miles, and the mean rate 1°97 miles. 


THe EXxtTENT AND DIRECTION OF MIGRATION. 


First Quarter—A male was recaptured in September, on the same day as it 
was liberated, at abow& 6 miles to the south and west. 

In October, 2 females were taken, 1 thirty miles to the south and west, and the 
other 54 miles to the south and east. 

In November, a female was recaptured 5 miles to the south and east. 

In this quarter, 4, or 28-6 per cent. were recaptured. 

None was recaptured in the second quarter, and only 1 in the third quarter, a 
male, north-east of Noss Head, 56 miles to the south and west. 

Fourth Quarter.—In June, 2 males and 2 females were taken, 1 male 8 miles 
to the north and east, and the other 32 miles to the south and west, to the east of 
the Orkneys. . One female was also taken to the east of the Orkneys, 34 miles to 
the south and west. The other female was recaptured on the west coast, 8 miles 
west by north of Loch Inchard, south of Cape Wrath, at a distance of 136 miles. 

In July, a male was taken east of the Orkneys, 20 miles to the south and west, 
and a female 64 miles to the south and east. 

None was recaptured in August, so that the total for this quarter was 6, or 
42:8 per cent., and in the 12 months following liberation, the number was 11, 
or 78°6 per cent., of which 7, or 63°6 per cent., were found to the south and west ; 
3. to the south and east, and 1 to the north and east. 

Of the remaining fish, a male was taken in May 1912, near Foula, 47 miles to 
the northwards ; another male in July 1912, at a position described as 56° 49’ N. ; 
4° K., or 236 miles to the south and east. It was landed at Cuxhaven by a German 
trawler. The last fish for this experiment was taken in August 1912, off Aberdeen, 
133 miles to the south. 


(TABLE. 
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NOE Aggregate Average 


» 7o : Mean 
Quadrant. Sex. : Distance Distance : ; 
Fish. (miles). (miles), Direction. 
N. and E. Aduit Males. ] 8 8 N. 53° E. 
Np and W. Re gee | ee cs pee 
S. and E. Adult Males. il 236 236 an S. 28° E. 
Adult Females. 2 11 5 8. 42° EB. 
Immature Females. 1 5 5 S. 43° E. 
4 252 63 8. 39° E 
SueaWen | Adult Males. 3 108 36—«| S. 49° W. 
Immature Males. J 6 6 8S. 4° W. 
Adult Females. 2 170 85 S. 79° W 
Immature Females. 1 30 30 S. 24° W. 
7 314 45 S. 48° W 
N Adult Males. 1 47 | 47 cee 
S Adal Fomales. 1 133 ie ao ames 
SUMMARY. 
N. and E J 8 8 N. 53° E 
N. and W ae 
S. and E. 4 252 63 S. 39° E 
S. and W. 7 314 45 S. 48° W 
N. 1 47 47 N 
Ss. 1 133 133 Ss 
14 i 


Distances migrated—10 miles and under—Five fish, or 35°7 per cent., were 
recaptured at distances of from 5 to 8 miles, 2 males (28°6 per cent.), with an 
average of 7:25 miles, and 3 females (42°8 per cent.), with an average of 5°6 miles ; 
1 male was found to the north and east, and 1 to the south and west, while all 
the females were taken to the south and east. 

None was taken between 10 and 20 miles. 

20 to 50 miles.—Five, or 35:7 per cent., were found at distances of from 20 to 
47 miles, 3 males (42°8 per cent.), with an average of 33 miles, and 2 females (28°6 
per cent.), with an average of 32 miles; 1 of the males was found to the north, 
and all the other fish to the south and west. 

50 to 100 miles.—One male was recaptured off Noss Head, 56 miles to the 
south and west. 

Over 100 miles.—Three, or 21:4 per cent., were taken at distances over 100 
miles, including the male taken by the Cuxhaven trawler above referred to, and 
_ 2females which migrated, 1, 133 miles to the south, and was caught off Aberdeen, 
and the other on the west coast at 136 miles distant. 


MATURITY. 


Males.—The condition of the testes was ascertained for 6 of the 7 recaptured. 
One taken in May 1912, near Foula, 47 miles to the northwards, was ‘“‘ spawning.” 

Two were ‘“‘ripe”; 1 taken in March 1911, off Noss Head, 56 miles to the 
south and west, the other in June 1911, 8 miles to the north and east. 

One caught in June 1911, 32 miles to the south and west, east of the Orkneys, 
was “spent.” 
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Females.—The condition of the ovaries was described in all of the females 
recaptured. None was “spawning,” “ripe,” or “nearly ripe.” 

Two were described as “spent”; 1 taken in June 1911, 34 miles to the south 
and west, east of the Orkneys, and the other in August 1912, off Aberdeen, 133 
miles south. 

EXPERIMENT III. 


15th September 1910. 


At this station lying 19 miles E.S.E. of Fair Isle (59° 30’ N.; 1° W.), where the 
depth is about 75 fathoms, 262 marked plaice were liberated on 15th September 
1910, viz. 100 males, 155 females, and 7 whose sexes were not ascertained. The 
males measured from 30 to 41°5 cm., and 5 were under adult size on libera- 
tion; the sizes of the females ranged from 32 to 47°5 cm., and 79 were under adult 
size when liberated. 

The numbers liberated and recaptured, arranged in 5-cm. groups, were as 
follows :— 


cm. cm. cm. cm. cm. 

25-30°5 31-35°5 36-40°5 41-45°5 46-50-5 Total. 
He4dab.- =; : ‘ — 37 94 20 4 155 
F. Recap. ‘ F — 16 50 9 2 77 
Ms ibs. ; : 1 44 54 i! — 100 
M. Recap. F ; — 17 33 1 — 51 
Mb ee 1 6 ~ = 7 
% Recap. , ; = 1 2 — _ 3 


The fish used were taken by the “ Goldseeker” in Aberdeen Bay on the 
previous day. 

The number recaptured was 131, or 50 per cent., viz. 51 males (51 per cent.), 
77 females (49:7 per cent.), and 3 of unknown sex (42°9 per cent.). Fifty of 
the males were of adult size on recapture, ranging from 34:1 to 43°4 cm., and 
averaging 38°3 cm., as compared with a range of from 32 to 41°5 cm., and a mean 
of 36°6 cm. on liberation ; they were free for from 1 to 954 days, the mean being 
223 days; they travelled distances of from 7 to 315 miles, the mean being 79:4 
miles, and the average rate 3°5 miles. Of the females, 56 were of adult size on 
recapture, ranging from 38:2 to 52:2 cm., and averaging 43:2 cm., as compared 
with a range of from 34:5 to 47:5 cm., and a mean of 38-9 cm. on liberation ; | 
their periods of freedom varied from 4 to 1197 days, and averaged 339 days; they 
migrated distances of from 2 to 205 miles, the mean being 54:5 miles, and the 
mean rate was 1°6 miles. Twenty-one were under adult size, averaging 36-1 cm., 
and ranging from 32-0 to 37-9 cm., as compared with a range of from 33 to 38 cm., 
and a mean of 35-8 cm. when liberated ; they were free from 4 to 968 days, the 
average being 143-9 days, and they travelled from 7 to 116 miles, the average 
being 41-6 miles, and the mean rate 3-2 miles. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—In the remainder of September, 2 males and 6 females were 
recaptured, 1 of the males 25 miles to the south and east, and the other north of 
Kinnaird Head, 75 miles to the south and west; 2 of the females were taken at 
9 and 38 miles to the south and west, 1, 24 miles to the south and east, 1, 10 miles 
to the north and west, and 2 on the same day 4 miles east of Fetlar, Shetland, 
66 miles to the north and east. These statements are according to those made 
when the fish were returned, but some of them are obviously erroneous. ‘Thus, 
the male described as taken north of Kinnaird Head was captured on the day 
following that on which it was liberated, which would mean that it migrated 75 
miles in a single day: And the two females described as taken near Fetlar, had 
only been 4 days in the water, which would mean a rate of migration of over 16°5 
miles per day. 

Three males and 10 females were taken in October, 2 of the males to the south 
and west, at 47 and 66 miles, the latter a little north of Kinnaird Head, and the 
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former offshore, east of Noss Head ; the third male was taken 7 miles to the south 
and east ; 5 of the females were found to the south and west, at 7, 7, 31, 38, and 
80 miles ; another was taken 15 miles to the south and east, 1, 64 miles to the 
north and east, near Fetlar, Shetland, and another 31 miles to the north and east, 
and 2 to the north and west, at 14 and 27 miles; the fish taken at Fetlar had 
moved rapidly, at the rate of 4 miles per day; the mean rate of movement of the 
other plaice recaptured this month varied from 2:2 to 40 miles per 10 days. 

In November, 5 males, 4 females, and 1 of unknown sex were recaptured. Four 
of the females were taken to the south and west, at distances of 24, 62, 67, and 
150 miles, the first E.S.E. off Sumburgh Head, the second off Roseness, Orkney, 
the third N.N.E. off Buchanness, and the fourth to the south-east of Aberdeen ; 
1 of the males was found 69 miles to the south and west, at the entrance to the 
Pentland Firth ; another, 16 miles to the north and west ; a third, 27 miles to the 
north and east, east of Sumburgh Head, and the other 2, 20 and 37 miles to the 
south and east; the fish of unknown sex was taken 13 miles to the north and 
west. 

Altogether, in this quarter, 31, or 23-7 per cent., were recovered, of which 15 
(48-4 per cent.) were found to the south and west, at an average distance of 51 
miles in the mean direction 8. 45° W.; 6 (19°3 per cent.) were taken to the south 
and east, 5 to the north and west, and 5 to the north and east. 

Second (Quarter—Three males were recaptured in December, 1 near land, 
north of Sumburgh Head, Shetland, 28 miles to the north and east, another north 
and east of Kinnaird Head, offshore, 60 miles to the south and west, and the 
third 7 miles E.N.E. of Aberdeen, 142 miles to the south and west; the mean 
tate of movement of this fish was 15:1 miles per 10 days. 

Six males and 5 females were taken in January 1911, all but 1 to the south 
and west ; the exception was a male, captured 5 miles N.E. of Noup Head, 
Orkneys, 61 miles to the north and west ; another male was taken at an unspecified 
place in the Moray Firth ; of those which migrated to the south and west, 1 female 
was taken 18 miles distant, another 50 miles, east of the Orkneys; 2 females and 
a male were recaptured near the Pentland Skerries, at the entrance to the Pentland 
Firth, at 70 and 72 miles ; a male was captured in Sinclair Bay, near Wick, Moray 
Firth, 89 miles distant, and a female and a male south-east of Noss Head, Moray 
Firth, at 88 and 89 miles ; the remaining male was taken 14 miles off Knock Head, 
Banff, Moray Firth, at a distance of 116 miles. 

Six females were taken in February 1911, 1, 26 miles to the east and north, 
2 to the north and west, at 7 and 38 miles, the fourth 46 miles to the south and 
west, the fifth 1 mile off Keiss, Wick, in the Moray Firth, 90 miles to the south 
and west, and the remaining female at Banff, Moray Firth, 116 miles to the south 
and west. 

In this quarter, 20, or 15°3 per cent., were got, of which 15, or 75 per cent., 
were found to the south and west, 1 at an unknown place in the Moray Firth, 
and the other 14, or 73-7 per cent., at an average distance of 80 miles in the mean 
direction 8. 56° W.; 3 (15:8 per cent.) were caught to the north and west, and 
2 to the north and east. 

Third Quarter.—In March, 6 males and 3 females were taken; the position 
of 1 female, found in a consignment of fish from Granton, was not ascertained ; 
all the others were found to the westwards and south-west. One, a male, was 
caught east of the Orkneys, at 44 miles; another, a female, in the Moray Firth, 
south-east of Noss Head, at a distance of 98 miles; 2, a male and a female, were 
taken off Strathie Point, on the north coast, 110 and 112 miles to the west and 
south ; and another male a little farther to the west, off Rabbit Islands, at 122 
miles ; another male was taken on the west coast, south of Cape Wrath, at 158 
miles; another male was recaptured 14 miles off Banff, on the south coast of 
the Moray Firth, at 117 miles, and the last male was taken 8 miles off Buchanness, 
130 miles distant. 

In April, 5 males and 2 females were got, all to the west and south, a male at 
21 miles; 4, 2 males and 2 females, were taken east of the Orknevs at 45 and 
AT miles ; 2 males were taken to the westwards, one 4 miles 8.E. of Stack Skerry, 
north-east of Cape Wrath, and the other 6 miles north of Loch Erribol, near Cape 
Wrath, 


228 


Two males and 7 females were taken in May, the place of capture of 2 of the 
females not being ascertained ; 2 of the other femaies were found in the Moray 
Firth, to the south and west, at unspecified places ; a female was recovered 17 miles 
to the south and west, 1 near Foula, Shetland, AQ miles to the north and west ; 
2 males were taken east of the Orkneys, 45 and 63 miles to the south and west, and 
a female off Whiten Head, on the north coast, at 112 miles. 

In this quarter, 25, or 19-1 per cent., were found, the positions being known for 
22; all but one were found to the south and west, 21, or 95°4 per cent., at an average 
distance of 83 miles in the mean direction §. 65° W., ‘and one was taken to the north 
and west. 

Fourth Quarter —Twenty were taken in June 1911, 10 males, 9 females, and 1 
of unknown sex. A female and the fish of unknown sex were caught near Foula, 
Shetland, 43 and 44 miles to the north and west; a male was also taken to the 
north of the Shetlands, on the east side, off Fetlar, 65 miles to the north and east ; 
a female was got 10 miles to the north and west ; all the others were recaptured 
to the south and west, 1, a female, at 18 miles, towards Fair Isle; 10, 4 males and 
6 females, were recaptured to the east of the Orkneys, at distances of from 39 to 
59 miles ; the other fish were taken to the westwards, a male off Sule Skerry, at 
103 miles ; another male near Cape Wrath, at 138 miles; a third male 14 miles 
E.N.E. of Cape Wrath, at 130 miles; and a fourth, 7 miles north-east of Cape 
Wrath, at 137 miles ; the remaining male was recaptured at Scourie Bank, in the 
Minch, south-west of Cape Wrath, at a distance of 168 miles. 

Two males and 7 females were got in July, all but 2 to the south and west, 3 
south-east of Fair Isle, at distances of from 12 to 19 miles, and 5 east of the 
Orkneys, at distances of from 14 to 57 miles; the remaining fish, a female, was 
taken 18 miles 8.K. of Noss Head, Moray Firth, at a distance of 85 miles. 

One fish, a female, was recaptured i in August, in the Moray Firth, precise place 
unknown. 

In this quarter, 30 of the marked plaice were recaptured, or 22-9 per cent. ; 
24 (82-7 per cent.) were got to the south and west, 23 of them (79:3 per cent.) at an 
average distance of 62 miles in the mean direction 8. 69° W.; 4 were taken to 
the north and west, 1 to the north and east, and 1 directly west. 

Within 12 months of liberation, 106 marked plaice, or 80°9 per cent., were 
recovered ; 75, or 75°7 per cent., were taken to the south and west, 13, or 131 per 
cent., to the north and west, 8 to the north and east, 6 to the south and east, and 
1 directly west. 

Of the other fish recaptured, 8 were taken in the remainder of 1911, 9 in 1912, 
and 8 in 1913. 

In September 1911, a female was taken 7 ites south-east of Fair Isle, at a dis- 
tance of 11 miles to the north and west. Two males and 3 females were recaptured 
in October, 2 females south of Sumburgh Head, at 16 and 19 miles to the north and 
west, and the third 11 miles to the south and west, south-east of Fair Isle; of the 
two males, 1 migrated to the south and west, to the east of the Orkneys, for 55 miles, 
and the other to the north and west, to the Shetlands, a distance of 36 miles. In 
November, a male was recaptured “188 miles E. by 8. +8.” of Aberdeen, which 
is a position a few miles to the north and west of the Great Fisher Bank, at a dis- 
tance of 198 miles to the south and east ; and a plaice of uaspecified sex, near 
Buchanness, Aberdeeashire, at a distance of 115 miles to the south aad west. 

A male was taken in January 1912, off Fair Isle, at a distance of 19 miles to the 
south and west, and in April a male and two females, the male near Foula, Shet- 
land, 45 miles to the north and west, | of the females 105 miles to the eastwards, 
offshore, and the other near the Butt of Lewis, Hebrides, 182 miles to the west- 
wards. In May, a male was taken to the east of the Orkneys, at a distance of 50 
miles to the south and west, and a female near Foula, 44 miles to the north and 


west. In June, a female was recaptured in the Moray Firth, south-east of Noss | 


Head, at a distance of 85 miles to the south and west. In July, another female 
went 2 miles to the south and west, and in November a female at a place unrecorded. 

In January 1913, a female was recaptured on the north coast, 7 miles off Hol- 
burn Head, at a distance of 99 miles; in March, a female to the east of the Orkneys, 


45 miles to the south and west, and in April, a male and a female, the latter at the 


entrance to the Moray Firth, south-east of Noss Head, at a distance of 67 miles, and 
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the male on the southern edge of the Dogger Bank (Lat. 54° 10’N.; Long. 2°42’ E.), 
at a distance of 315 miles to the south and east. Two females were taken in May, 
both near Foula, at 44 and 47 miles; in June, a female was recaptured on the 
north coast, off Strathie Point, at a distance of 117 miles, and the last fish to be 
taken, a female, was got in December 1913, after 1197 days. at the mouth of the 
Firth of Forth, 205 miles to the south and west. 

The migrations of the marked plaice from this station aie of considerable 
interest, and it may be worth while considering the subject as illustrated on the 
migration charts. Thirty-one fish, recaptured in the first three months, had dis- 
persed chiefly to the south and west, in the direction of the Moray Firth and the 
east coast of Scotland ; three were taken on the eastern side of the north part of 
the Shetlands, and 2 near the entrance to the Pentland Firth. All the fish, except 
the two last-named, were taken between 0° and 2° W. Long., 3 of them between 
60° and 61° N. Lat., 18 between 59° and 60° N. Lat., 8 between 58° and 59° N. Lat., 
and 1 between 57° and 58° (south-east of Aberdeen). 

In the next three months (December 1910 and January and February 1911) 
the majority of the fish were found more to the westwards, but still to the south, 
the lines radiating from the station to the east of the Orkneys, on the north, and 
to the south shores of the Moray Firth on the south. Seven were taken between 
0° and 2° W. Long., and 12 between 2° and 4° W. Long. ; none was got north of 
60° N. Lat.; 8 were found between 59° and 60° N. Lat., 8 between 58° and 59° 
N. Lat., and 3 between 57° and 58° N. Lat. 

In the third quarter, March, April, and May, the migration lines run in the same 
general direction, but more of them penetrate farther to the westwards. Only 
1 fish was taken to the northwards, while 21, or over 95 per cent., were got to the 
south and west ; 7 were found to the east of the Orkneys, in the direction of the 
Pentland Firth, 6 off the north coast of Scotland, and l on the west coast. Four 
were found between 0° and 2° W. Long., 10 between 2° and 4°, and 6 between 4° 
and 6°. One was recaptured between 60° and 61° N. Lat., 5 between 59° and 60 
and 13 between 58° and 59°. 

Tn the fourth quarter, the same conditions as in the last are indicated, but the 
number of fish found to the east of the Orkneys is greater. Twelve were got 
between 0° and 2° W. Long., 11 between 2° and 4°, and 5 between 4° and 6° W. Long. 
Three were taken between 60° and 61° N. Lat., 16 between 59° and 60°, and 10 
between 58° and 59°. 

In the chart showing the lines of migration for all the fishes recaptured, the 
chief feature is the concentration to the south and west. A large number were 
recovered to the south-east of Fair Isle, at comparatively short distances from 
the station, and a still larger number were taken to the east of the Orkneys ; 10 
were recaptured within the Moray Firth, 3 being taken off Banff, on the south 
shore, and most of the others south-east of Noss Head ; 12 were got on the north 
coast of Scotland, as far west as Cape Wrath ; 2 to the south of Cape Wrath, and 
1 near the Butt of Lewis, far to the westwards. A number were taken at Foula, 
to the west of the Shetlands, and 4 on the north and east parts of these islands. 
One was recaptuced near the Great Fisher Bank, and another on the south edge 
of the Dogger Bank, while 5 were found on the east coast of Scotland. The move- 
ment in this direction of a number of fish from the Fair Isle stations is interesting 
and remarkable, and is elsewhere dealt with. 
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Aggregate | Average 
No. of ; : Mean 
Quadrant. Sex. ‘ Distance Distance pees 
Fish. (miles). (miles). Direction. 
ee Oe reese he EMIS | 
N. and E. Adult Males. 3 120 40 N. 27° E 
Adult Females. je 171 85 N. 56° E 
Immature Females. 4 187 47 N. 41° E 
9 478 53 N. 39° E 
N. and W. Adult Males. 4 158 39 N. 30° W 
Adult Females. 19 323 27 N. 42° W 
Immature Females. 3 61 20 N. 48° W. 
| ? Sex. 2 57 28 N. 45° W 
21 599 28 N. 37° W 
S. and E. Adult Males. 4 384 96 8. 27°°H: 
Immature Males. 1 20 20 S. idee 
Immature Females. 2 39 19 S. 44° E. 
7 443 63 S. 39° E 
S. and W. Adult Males. 38 3230 85 S. 60° W. 
Adult Females. 37 2325 63 S. 63° W. 
Immature Females. 9 462 51 S. 59° W. 
? Sex. 1 115 115 S. 28° W. 
85 6132 72, S. 60° W 
W. Adult Females. il 14 14 W. 
SUMMARY. 
N. and E : 9 478 53 N. 39° E. 
N. and W 21 599 28 N. 37° W. 
S. and E. i 7 443 63 S. 39° E. 
S. and W. 85 6132 72 S. 60° W. 
W. i 14 14 W. 
Dela al 


Distances travelled—10 miles and under.—Hight, or 6-5 per cent., were recaptured 
at distances of from 2 to 10 miles, 1 male at 7 miles to the south and east, and 
7 females (10 per cent.), with an average of 7-4 miles, 4 to the south and west, and 
3 to the north and west. . 

10 to 20 miles.—Sixteen, or 13 per cent., were recaptured at from 11 to 19 miles, 
3 males (6 per cent.), with an average of 17 miles, 12 females (171 per cent.), with 
an average of 15°3 miles, and | of unknown sex, at 13 miles to the north and west ; 
9 of the males and 5 of the females were got to the south and west, | male, 5 females, 
and 1 of unknown sex to the north and west, 1 female to the south and east, and 
1 to the west. Twenty-four fish, or 19°5 per cent., were, therefore, found under 
920 miles, viz. 4 males (8 per cent.), 19 females (2771 per cent.), and 1 of unepeciii 
seX. | 
20 to 50 miles.—Forty-six, or 37-4 per cent., were recaptured at distances of 
from 20 to 50 miles, viz. 17 males (34 per cent.), with an average of 38°3 miles, 
98 females (40 per cent.), with an average of 39 miles, and 1 of unknown sex. Ten 
of the males and 18 of the females were taken to the south and west, 2 of the males, 
7 of the females, and 1 of unknown sex to the north and west, 3 of the males and 
1 of the females to the south and east, 2 of the males and 2 of the females to the 
north and east. 

50 to 100 miles.—Twenty-eight, or 22°8 per cent., were found at distances ol 
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from 55 to 99 miles, viz. 13 males (26 per cent.), with an average of 67:7 miles, and 
15 females (21:4 per cent.), with a mean of 77:1 miles. Eleven of the males and 
12 of the females were taken to the south and west, 1 male to the north and west, 
and 1 to the north and east, and 3 females to the north and east. 

Over 100 miles. —Twenty- -five, or 20°3 per cent., were recaptured at distances 
of from 103 to 315 miles, viz. 16 males (32 per cent.), with an average of 145 miles, 
8 females (11-4 per cent.), with a mean of 137-4 miles, and | of unknown sex, which 
was recaptured 115 miles to the south and west. Of the males, 15 were taken to 
the south and west, and 1 to the south and east, while 7 of the females were taken 
to the south and west, and 1 to the north and east. 


MATURITY. 


Males.—The condition of the testes was ascertained in 34 of the 51 males 
recaptured. None was “spawning,” but 10 were described as “ripe,” 3 caught 
in March 1911, to the south and west, 1 east of the Orkneys, at a distance of 44 
miles, another on the north coast, off Strathie Point, at 110 miles, and the third 
at Banff, on the south shore of the Moray Firth, at 117 miles. Two were recaptured 
in April 1911, 1, 21 miles to the south and west, and the other on the north coast, 
at Loch Erribol, 130 miles to the south and west. Three were recaptured in June 
1911, 1 east of the Orkneys, at 50 miles to the south and west, the second at Fetlar, 
65 miles to the north and east, and the third off the north coast, near Sule Skerry, 
at a distance of 103 miles to the south and west. In July 1912, a “ripe” male 
was taken 15 miles to the south and west, and in April 1912, another near Foula, 
45 miles to the north and west. Seven were described as “nearly ripe,” 4 taken 
in January 1911, one 61 miles to the north and west, off Noup Head, 1 near the 
Pentland Skerries, 72 miles to the south and west, a third 89 miles to the south 
and west, and the fourth off Knock Head, 116 miles to the south and west. In 
December 1910, 1 was caught off Atendece 142 miles to the south and west, and 
in October 1911, another 36 miles to the north and west, at the Shetlands; the 
last was recovered in January 1912, 19 miles to the south and west. Six were 
described as “spent,” all taken to the south and west, 1 in March 1911, on the 
north coast, at Rabbit Islands, at 122 miles; 1 in April 1911, near Stack Skerry, 
at 110 miles; 3 in June, 2 east of the Orkneys, at 40 and 44 miles; the third at 
Scourie Bank, south-west of Cape Wrath, at 168 miles ; another was taken in May 
1912, east of the Orkneys, at a distance of 50 miles. 

Females.—In 63 of the 77 recaptured, the condition of the ovaries was recorded. 
None was described as “‘ spawning,” and only 1 as “ripe,” which was taken in 
June 1911, 18 miles to the south and west. Three were “nearly ripe,” 1 found 
in October 1910, 80 miles to the south and west, another in January 1911, 18 miles 
to the south and west, and the third in December 1913, after 1197 days, 205 miles 
to the south and west. Twelve were described as “spent ”?; 2 were recaptured 
in February 1911, | east of the Orkneys, 46 miles to the south and west, and the 
other near Wick, 90 miles to the south and west ; 1 was recaptured in March 1911, 
on the north coast, 112 miles to the south and west, and | in May 1911, also on the 
north coast, at a distance of 112 miles. One was taken in June 1911, 39 miles to 
the south and west, and 1 in July, 12 miles to the north and west. In April 1912, 
1 was recaptured near the Butt of Lewis, 182 miles to the south and west ; in May 
1912, 1, 44 miles to the north and west; in June 1912, 1 south-east of Noss 
Head, 85 miles to the south and west; in January 1913, a “spent”? female was 
recaptured on the north coast, 99 miles to the south and west ; im March 1918, 
1 east of the Orkneys, at 45 miles, and in June, after 1004 days, another on the 
north coast, at a distance of 117 miles. 

Among females under adult size on recapture (38 cm.) 1, which menenred 38- 
37°9 em., was recovered in February 1911, after 163 days, at Banff, 116 miles to 
the atl and west, and was described as “ about to spawn” ; another, measuring 
36°5-36'6 cm., was taken in February 1911, 7 miles to the north and west, and 
was described as “ nearly ripe.” 

Among those fish of adult size, whose reproductive organs were described as 
“immature,” and which were captured during the spawning season, were the 
following :—Two males, 1 measuring 37-38°3 cm., caught in January 191], at 
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Sinclair Bay, near Wick, 89 miles to the south and west, and the other measuring 
33°5-34'1 em., caught in March 1911, near Buchan Ness, 130 miles to the south 
and west. One female, which measured 38-38:2 cm., taken in January 1911, south- 
east of Noss Head, 88 miles to the south and west, was “‘ immature.” 


EXPERIMENT IV. 
15th September 1910. 


In this experiment, 30 plaice, taken by the ,“ Goldseeker” in the locality, 
were liberated 13 miles S.E. by E. 3 E. of Fair Isle (59° 26’ N.; 1° 14’ W.), com- 
prising 10 males and 20 females. The males measured from 33 to 40 cms., and all 
were of adult size; the females ranged from 33°5 to 43:5 cms., and 7 were under 
adult size on liberation. 

The numbers liberated and recaptured, arranged in 5-cm. groups, were as 
follows :— 


fle em. em. cm. cm. 
25-30°5 31-35:5 36-40°5 41-45:5 46-50°5 Total. 


For. ©. ‘ : = 3 14 3 _ 20 
F. Recap. i : — 2 8 2 — 12 
MS Eabe is 4 : — 6 + — -- 10 
M. Recap. ; ; — 3 4 —_ — t 


The number recaptured was 19, or 63°3 per cent., 7 males (70 per cent.) and 
12 females (60 per cent.). 

Six of the males were of adult size on recapture, averaging 38-2 cm., as compared. 
with 37°5 cm. when liberated ; they were at liberty for from 137 to 630 days, the 
mean being 301 days; they migrated distances of from 1 to 134 miles, the mean 
being 78°8 miles, and the mean rate was 2°6 miles. Eleven of the females were of 
adult size when recaptured, averaging 42°6 cm. as against 39-4 cm.; they were at 
liberty for from 45 to 417 days, the mean being 233 days ; they migrated distances 
of from 4 to 167 miles, the mean being 45°8 miles, and the mean rate 1°4 miles. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—In October, 2 females were taken, one 18 miles to the south 
and west, and the other 42 miles to the north and west, to the north of the Shet- 
lands. A female was caught in November, east south-east of Sumburgh Head, 
32 miles to the north and east. : 

In this quarter these were the only 3 fish obtained (15:8 per cent.). 

Second Quarter.—In January, a male was recaptured 1 mile off Whitehills, near 
Banff, in the Moray Firth, 113 miles to the south and west. 

Third Quarter.—Two females and a male were taken in April, a male 1 mile 
to the north and east, and both females to the south and west, near together, at 
35 and 36 miles east of the Orkneys. 

In May, a male and 2 females were recaptured, the male 46 miles to the north 
and west, near Foula, and both females to the south and west, 1 east of the Orkneys, 
at a distance of 53 miles, and the other off the north coast of Scotland, 10 miles 
north-east of Whiten Head, 105 miles distant. 

In this quarter, 6, or 31°6 per cent., were recaptured, 4 (66°6 per cent.) to the 
south and west, and 1 each to the north and east, and north and west. 

Fourth Quarter.—Two males and 2 females were taken in June, 1 of the females 
54 miles to the west, all the others to the south and west, a female at a distance 
of 32 miles east of the Orkneys; 1 male in the Moray Firth, north and west of 
Banff, at 106 miles, and the other male 4 miles east-north-east of Cape Wrath, on 
the west coast, at a distance of 134 miles. 

These were all the fish taken in this quarter. 

In the 12 months, 14 fish, or 73-7 per cent., were recaptured ; 9 (64°3 per cent.) 
to the south and west ; 2 each to the north-east and north-west, and 1 to the west. 
‘the date of recapture of 2 other fish was not ascertained ; 1, a female, was taken 
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on the east coast, near Montrose, 167 miles to the south and west ; the place of 
capture of the other, a male, was not ascertained. 

Two fish were recaptured in 1911, a female in September, 4 miles to the north 
and west, and a female in November, 6 miles to the north and west. The last 
fish for this experiment was a male, taken in June 1912, 16 miles north of Banff, 
at a distance of 100 miles. 

The following table shows how all the fish of the experiment were distributed 
in each quadrant :-- 


Aggregate | Average 
Quadrant. Sex. ee f | “Distance Distance jae 
; (miles). (miles). Irechion. 
N. and E. Adult Males. 1 1 1 N. 29° BE. 
Immature Females. 1 oo 32 N. 62° KE. 

2 33 16 N. 5° ah 

N.andW. | Adult Males. 1 46 age noe 
Adult Females. 3 52 17 N. 35° W. 

4 98 24 N. 28° W 
es oe ee a ne ee 
S. and W Adult Males. 3 347 116 8. 55°W. 

Immature Males. 1 106 106 bss CU? Nii 
Adult Females. 7 446 64 S. 56° W. 
V1 899 82 S. 55° W 
W. Adult Females. 1 If is Ww. 
SUMMARY, 
N. and E 2 33 16 N. 45° E. 
N. and W 4 98 24 N. 28° W. 
S. and E ae re ihe a 
S. and W 11 899 82 S. 55° W. 
W. 1 5 5 W. 
18 


Distances migrated—10 miles and under.—Four fish, or 22°2 per cent., were recap- 
tured at from 1 to 6 miles, namely, | male and 3 females ; a male was found to the 
north and east ; 1 female to the west, and the two others to the north and west. 

10 to 20 miles—A female was taken 18 miles to the south and west. 

20 to 50 miles —Six, or 33:3 per cent., were recaptured between these distances, 
1 male at 46 miles to the north and west, and 5 females (41°6 per cent.), with an 
average of 35:4 miles; 3 to the south and west; 1 to the north and west, and 
1 to the north and east. 

50 to 100 miles.—Two were taken, a male, 100 miles to the south and west, 
and a female 53 miles to the south and west. 

Over 100 miles.— Five, or 27:7 per cent., were recaptured at distances over 
100 miles ; three males (50 per cent.), with an average of 117-8 miles, and 2 females 
(16-6 per cent.), with an average of 136 miles; all were taken to the south and 
west. 

MATURITY. 


Males.—The condition of the testes was ascertained in only 2 of the 7 males 
recaptured ; 1 taken near Foula, 46 miles to the north and west, in May 1911, 
was (“Si = 9 t 
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Females.—The condition of the ovaries was ascertained in 10 of the 12 females 
recaptured. One was “spawning”; it was taken in April 1911, to the east of 
the Orkneys, 35 miles to the south and west; 1, taken in November, 6 miles to 
the north and west, was “ nearly ripe,” and 2 were described as “spent”; 1 
recaptured in Apiil 1911, east of the Orkneys, 36 miles to the south and west, 
and the other on the north coast, off Whiten Head, 105 miles to the westwards 


EXPERIMENT V. 


11th Apri 1911. 

In this experiment, 70 plaice, 33 males and 37 females, were liberated at the 
same place as before, 59° 20’ N.; 1° 3’ W., on the 11th April 1911. The males 
ranged in size from 24°5 to 39 cm., and 25 were under adult size on liberation ; 
the females measured from 25 to 67 cm., and 20 were under adult size when liberated. 

The numbers liberated and recaptured, arranged in 5-cm. groups, were as 
follows :— 


cm. em. em. em. em. em. 
25-30°5 31-355 36-405 41-455 46-50°5 51-55-5 Total. 
Relibe ah dete VAS 6 4 3 6 4 37+ 
F. Recap. 1 3 3 3 5 4 207 
M. Lib. ; yagi as 9 2 = —- — 33 
M. Recap. . : 3 7 1 = a -- ll 
* Two at 24:5 cm. + One at 67 cm. 


The fish used were taken by the ‘“‘ Goldseeker ” in the Dornoch Firth, Moray 
Firth, on the 8th April, in the forenoon. The fish were placed in tubs of running 
sea water, and the vessel proceeded to visit certain hydrographic stations ; owing 
to bad weather it had to return to the Dornoch Firth on the 9th April, where it 
lay uatil the evening of the 10th. The fish were liberated about 11 a.m. on the 
11th, and although they had been in the tubs for 3 days, and the weather was 
very rough, only | marked plaice died in the tubs. 

The number recaptured was 31, or 44°3 per cent., namely, 11 males, or 33°3 
per cent., and 20 females, or 54:1 per cent. Ten of the males were of adult size 
on recapture, ranging from 34°8 to 47:5 cm., and averaging 39:3 cm., as compared 
with a range of from 26 to 36 cm., and an average of 32:5 cm., on liberation ; they 
were at liberty for from 126 to 1349 days, the mean being 430 days ; they migiated 
distances of from 13 to 113 miles, the mean being 67-6 miles, and the mean rate of 
movement 1:5 miles. Seventeen of the females were of adult size, averaging 
50°8 cm., and ranging from 39-7 to 68 cm., as compared with a range of from 31 
to 67 cm., and an average of 46°6 cm. on liberation; they were at liberty for from 
79 to 1023 days, the mean being 304 days; they migrated distances of from 6 
to 188 miles, the mean being 45:4 miles, and the mean rate 1:5 miles. 


THe Extent AND Direction or MIGRATION. 


First Quarter.—None was taken in April or May, and only 1, a female, in June ; 
it was caught east of the Orkneys, 33 miles to the south and west. 

Second Quarter.—One male and 5 females were recaptured in July, the male 
16 miles to the north and west, and 4 of the females to the north and west, at 11, 
12, 13, and 13 miles; the remaining female was taken near Rattray Head, 97 
miles to the south and west. 

Two males and a female were taken in August, the female 10 miles to the 
north and west; 1 of the males off Kinnaird Head, 90 miles to the south and 
west, and the other 8 miles south-east of Baltasound Light, at the north of the 
Shetlands, 79 miles to the north and east. 

A male and a female were taken in September, the male 13 miles, and the 
female 12 miles to the north and west, 
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In this quarter, 11, or 35:5 per cent., were recaptured, 8 (72:7 per cent.) to the 
north and west ; 2 to che south and west, and 1 to the north and east. 

Third Quarter.—A female was recaptured i in October, 6 miles to the north and 
west, and in November, 2 males and 4 females ; 1 of the males and | of the females 
were taken to the east of the Orkneys, at 41 and 40 miles to the south and west ; 
the other male was recaptured off Duncansby Head at the entrance to the 
Pentland Firth, 63 miles to the south and west, and the female was taken in the 
Moray Firth, north of Kinnaird Head, 82 miles to the south and west. The 
remaining 2 females were found 12 miles to the north and west. 

In this quarter, 7, or 22°6 per cent., were recaptured ; 4 (57-1 per cent.) to the 
south and west, and 3 to the north and west. 

Fourth Quarter .—A male was recaptured in February 1912, in the Moray 
Firth, 4 miles off Dunbeath, Caithness, 96 miles to the south and west. In March, 
2 males were taken ; latan unknown place in the “ Moray Firth,” and the other 
also in the Moray Firth, south-east of Noss Head, 76 miles to the south and west. 

In this quarter, 5, o1 9:7 per cent., were recaptured. 

In the 12 months, 22, or 70:9 per cent., were recaptured, the position being 
known for all but 1; 11 (52:4 per cent.) were found to the north and west; 9 
(42°8 per cent.) to the south and west, and 1 to the north and east. 

Five were taken in the remainder of 1912, 1 in 1913, and 3in 1914. In April 
1912, a female was recaptured near Buchanness, 118 miles to the south and west, 
and in May, 2 females, 1 east of the Orknevs, 42 miles to the south and west, and 
the other off Rattray Head, 104 miles to the south and west. In July, another 
female was taken offshore, south-east of Buchanness, at a distance of 118 miles 
to the south and west, and in November, another female, offshore, east of the 
Firth of Forth, 188 miles to the south and partly east. In June 1913, after 808 
days, a female was recaptured to the north of the Shetlands, near Balta, 84 miles 
to the north and east. In January 1914, a female was taken 20 miles to the 
south and west ; in May, a male, after 1132 days, 38 miles to the south and west, 
east of the Orkneys, and the last fish, a male, was recaptured in December 1914, 
after 1349 days, near Buchanness, 113 miles to the south and west. 

The chart of the lines of migration of this experiment, shows the general 
movement to have beea first of all to the north and west, for short distances, 
towards Fair Isle; also to the south and west, to the east of the Orkneys and 
into the Moray Firth, while a number of fish migrated to the southwards, 5 having 
been taken in the vicinity of Rattray Head and Buchanness, and 2 farther to 
the eastwards in the ofishore waters. Two moved northwards to the north of 
the Shetlands. None of the fish of this experiment was taken on the north coast 
of Scotland or on the west coast. 


(TABLE. 


236 


The following table shows how all the fish of the experiment were distributed 
in each quadrant :— 


Aggregate | Average 
Quadrant. Sex. Nee Distance Distance ‘Geers a 
: (miles). (miles). a g 
N. and E. Adult Males. i 79 79 N. 27° E 
Adult Females. 1 84 84 N. 25° E 
2 163 81 N. 26° E 
aon W. Adult Males. 1 13 13 N. 11° W. 
Immature Males. 1 16 16 N. 59° W 
Adult Females. 9 101 11 N. 27° W 
ul 130 12 N. 29° W. 
| S. and E. Adult Females. 1 188 188 S 36° 
Immature Females. 1 118 118 S. ) Ugske 
2 306 153 Seo 
(a and W. Adult Males. 7 517 74 S. 57° W. 
Adult Females. 6 399 66 S. 55° W. 
Immature Females. 2 137 68 S. 52° W 
15 1053 70 S. 55° W 
SUMMARY. 
N. and E. (mae 163 81 N. 26° B. 
N. and W. {) 130 12 N. 29° W 
S. and E. 2 306 153 Sy Be 
S. and W. 15 1053 70 S. 55° W 


Distances migrated—10 miles and under.— Only 2 (6°6 per cent.) were found 
under this category, both females (10 per cent.) ; 1 at 6 and 1 at 10 miles, both 
to the north and west. 

10 to 20 miles.—Nine, or 30 per cent., were taken at from 11 to 16 miles; 2 
males (20 per cent.), with an average of 14:5 miles, and seven females (35 per cent.), 
with an average of 12°] miles. Both males and al! the females were found to the 
north and west. 

Thus, 11] were recaptured at distances under 20 miles, 2 males and 9 females 
(45 per cent.). 

20 to 50 miles-—Six, or 20 per cent., were found at distances of from 20 to 42 
miles; 2 males (20 per cent.), with an average of 39°5 miles, and 4 females 
(20 per cent.), with an average of 33:7 miles. All these fish were found to the 
south and west. 

50 to 100 miles.—Hight, or 26°6 per cent., were taken at between 63 and 97 miles ; 
5 males. (50 per cent.), with an average of 80°8 miles, and 3 females (15 per cent.), 
with an average of 87:6 miles; 4 of the males and 2 of the females were found 
tc the south and west, and 1 male and 1 female to the north and east. 

Over 100 miles.—Five, or 16-6 per cent., were recaptured at distances of from 
104 to 188 miles; 1 male with a distance of 113 miles to the south and west, and 
4 females (20 per cent.), with an average of 132 miles, 2 to the south and east, and 2 
to the south and west. 

Martourity. 


Males.—The condition of the testes was recorded for 8 of the 11 males. One, 
taken in December 1914, off Buchanness, 113 miles to the south and west, was 
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“spawning”; and another, taken in March 1912, off Noss Head, in the Moray 
Firth, was “ripe.” 

Among those “immature ” was 1, measuring 34°5 to 36-1 cm., taken in the Moray 
Firth, off Dunbeath, 96 miles to the south and west, in February 1912. 

Females.—The condition of the ovaries was ascertained in 18 out of the 20 
recaptured. 

None was “ripe,” but 3 were “nearly ripe.’ Two were taken in November 
1911; 1, 12 miles to the north and west, and the other north of Kinnaird Head, 82 
miles to the south and west ; a third was taken in January 1914, after 1023 days, 
20 miles to the south and west. 

Six were “spent.” One recaptured in June 1911, east of the Orkneys, 33 miles 
to the south and west ; 2 taken in July 1911, 11 and 12 miles to the north and west ; 
and another in April 1912, near Buchanness, 118 miles to the south and west ; 
the fifth in May 1912, also near Buchanness, at a distance of 104 miles to the south 
and west ; and the last in June 1913, to the north of the Shetlands, off Balta, 84 
miles to the north and east. 


EXPERIMENT VI. 
12th October 1911. 


This experiment was made on 12th October 1911, when 100 marked plaice, 
comprising 32 males, 64 females, and 4 whose sexes were not determined, were 
liberated about 35 miles east of Fair Isle, 59° 44’ N.; 0° 33’ W. The males measured 
from 28 to 51 em., and 5 were under adult size on liberation ; the sizes of the females 
varied from 27°5 to 65 cm., and 25 were under adult size on liberation. 

The numbers liberated and recaptured, arranged in 5-cm. groups, were as 
follows :— 


cm. cm. cm. cm. cm. cm. cm. 

25-30°5 31-35°5 36-40°5 41-45°5 46-50°5 51-55°5 61-65°5 Total. 
F. Lib. : 5 2 10 21 12 13 5 1 64 
I. Recap. 1 3 10 4 D 3 — 26 
M. Lib. ; . 5 2 14 8 2 1 — 32 
M. Recap. . _ = 2 5 6 1 a — 14 
? Lib. . : eMhiae 1 2 — 1 = oan 4 
PeReGaps, . . = — 1 — 1 — — 2 


b) 


The fish used in this experiment were recaptured by the “ Goldseeker” in 
Burghead Bay, on the south shore of the Moray Firth, in the early afternoon of the 
llth October, and they were liberated on the 12th at 5.30 p.m., 2 having died 
in the interval. 

The number recaptured was 42, or 42 per cent., viz. 14 males (43°7 per cent.), 
26 females (40-6 per cent.), and 2 whose sexes were unknown. All the males were 
of adult size on recapture, averaging 41:4 cm., and ranging from 34 to 50 cm., as 
compared with an average of 40-3 cm., and a range of from 34 to 51 cm. on libera- 
tion; they were free for from 15 to 882 days, the mean being 213 days; they 
travelled distances of from 18 to 397 miles, the average bemg 111-6 miles, and 
the mean rate was 5-2 miles. Twenty-one of the females were of adult size, ranging 
from 39°3 to 58-2 cm., and averaging 46:1 cm., as against a range of from 35°5 to 
55 cm., and an average of 43-6 cm., when liberated ; they were at liberty for from 
16 to 586 days, the mean being 262 days; they migrated from 23 to 170 miles, 
the mean being 87°5 miles, and the mean rate was 3°3 miles. Five of the females 
were under adult size on recapture, averaging 34:2 cm., as compared with 33:4 cm. 
on liberation ; they were at liberty for an average period of 160 days, and migrated 
distances of from 63 to 125 miles, the average being 94 miles, and the mean rate 
5-9 miles. 

ExTENT AND DirEcTION OF MIGRATION. 


First Quarter —A male and a female were captured in the remainder of October, 
the male 18 miles to the north and west, and the female 40 miles to the southwards. 
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Three males and 3 females were got in November, 2 males east of the Orkneys, 
at 66 and 77 miles to the south and west, and the other male and 1 female in the 
Moray Firth, south-east of Noss Head, at 105 and 106 miles to the south and west ; 
another female was taken 28 miles to the south and west, near Fair Isle, and the 
third to the south-east, offshore, at a distance of 90 miles. A female was found in 
December, in the same region as the last, 85 miles to the south and east. 

Thus, in this quarter, 9, or 21:4 per cent., were recovered, 6 (66°6 per cent.) 
to the south and west, 2 to the south and east, and | to the north and west. 

Second Quarter —In January 1912, 2 males and 2 females were got, 1 female 23 
miles to the south and west, near Fair Isle, and 1 to the south and east, in the same 
locality as the 2 above referred to, at a distance of 84 miles; 1 of the males was 
taken south-east of Noss Head, in the Moray Firth, at 105 miles to the south and 
west, and the other south-east of Aberdeen, 164 miles to the south and west. A 
male and a female were taken in February, the male 83 miles to the west, 4 miles 
off Noup Head, Orkney, and the female near Clyth Ness, in the Moray Firth, at a 
distance of 119 miles. Two males and 2 females were recaptured in March, a male 
and a female at the Shetlands, the female off Ronasvoe, at a distance of 81 miles, 
and the male | mile west of Cheynies Isles, on the south-west coast of the Shetlands, 
at a distance of 46 miles; the other female was taken off Buchanness, 125 miles 
to the south and west, and the other male is represented as having been caught 
at the Sylt Outer Ground, off the coast of Schleswig, 397 miles to the south and 
east ; the fish was landed at Hamburg by a German trawler, and the average rate 
of movement works out at 27:6 miles per 10 days. 

In this quarter, therefore, 10 were taken, or 23°8 per cent., 5 (50 per cent.) to 
the south and west, 2 each to the north and west and south and east, and 1 to the 
west. 

Third Quarter.—A female was taken in April, in the Moray Firth, close to Clyth 
Ness, at a distance of 113 miles to the south and west. In May, 2 males and 3 
females were recaptured, 1 of the males 46 miles to the north and west, near Foula, 
and all the others to the south and west, 2 females off Duncansby Head, 92 and 95 
miles distant, and 2, a male and a female, off Noss Head, in the Moray Firth, at 98 
and 101 miles distant. In June, a female was recaptured to the east of the Orkneys, 
at a distance of 62 miles to the south and west. 

In this quarter, then, 7, or 16-7 per cent., were found, 6 (85-7 per cent.) to the 
south and west, and 1 to the north and west. 

Fourth Quarter—A female was recaptured in July, 28 miles to the south and 
west, south-east of Fair Isle. In August, a female was got to the east of the Orkneys, 
63 miles to the south and west, and in September, 3 females, 2 to the south and 
west, at 31 and 58 miles, and the third on the east side of the Shetlands, to the 
north, off Balta, 63 miles to the north and east. 

In the fourth quarter, therefore, 5, or 11-9 per cent., were taken, 4 (80 per cent.) 
to the south and west, and | to the north and east. 

In the 12 months, 31 of the marked plaice, or 73°8 per cent., were taken, 21 
(67:7 per cent.) to the south and west, 4 each to the north and west and south and 
east, and | each to the north and east and the west. 

Of the remaining fish, 4 were recovered in the remaining months of 1912, 6 in 
1913, and 1 in 1914. 

In October 1912, a female was landed at Aberdeen, which was described as 
having been captured 120 miles N.E. 3 E. from Grimsby (55° 24’ N.; 1° 17’ E.), 
267 miles to the south and west, the mean rate of movement in this case being 7:2 
miles per 10 days. A male and 2 females were taken in November 1912, the male 
south and east of Fair Isle, 31 miles to the south and west, 1 female south and east 
of Noss Head, in the Moray Firth, 105 miles to the south and west, and the other 
on the west coast at Loch Laxford, 170 miles to the westwards. 

Two females were taken in March 1913, both to the south and west, 1 east of the 
Orkneys, 68 miles distant, and the other 2 miles off Cullen, on the south coast of the 
Moray Firth, at a distance of 139 miles. A male was taken in April, off Burghead, 
Moray Firth, 145 miles to the south and west ; in May, a female east of the Orkneys, 
at 74 miles to the south and west ; in June, i of unknown sex, off St. Abb’s Head, 
230 miles to the south and west ; and in December, another of unknown sex, off 
Holburn Head, on the north coast of Scotland, at an unspecified position. 
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The last fish to be taken was a male, which was caught on the west coast of 
Scotland, 5 miles N. by W. of Ru Stoer, south-west of Cape Wrath, at a distance of 
178 miles to the south and west. 

The following table shows how all the fish of the experiment were distributed 
in each quadrant :— 


Aggregate | Average 
Quadrant. Sex. Ne 9 Distance Distance el 
(miles). (miles). 

N. and E. Immature Females. 1 63 63 No Be 
N. and W. Adult Males. 3 110 36 N. 57° W. 
Adult Females. 1 81 81 N. 56° W 

4 191 48 N. 56° W 

S. and E. Adult Males. 1 397 397 Sx 30°R: 

Adult Females. 1 90 90 S. 36° E. 

Immature Females. 2 169 84 S. 20° E 
4 656 164 S. 26° E 

S. and W. Adult Males. 9 972 108 S. 60° W. 
Adult Females. 19 1666 88 S. 60° W. 

Immature Females. 2 238 119 S. 41° W. 

? Sex. 1 230 230 S. 27° W. 

31 3106 100 S. 58° W 

W. Adult Males. 1 83 83 W. 
SUMMARY. 
N. and E. | 1 63 63 N. 12° B. 
N. and W. | 4 191 48 N. 56° W. 
S. and E. 4 656 164 S. 26° E. 
S. and W. 31 3106 100 S. 58° W. 
W. l 83 83 : 
41 


Distances travelled.—None was recaptured under 10 miles, and only 1 under 
20 miles, a male taken 18 miles to the north and west. 

20 to 50 miles.—Hight, or 19-5 per cent., were found at distances of from 23 to 
46 miles; 3 males (21-4 per cent.), with an average of 41 miles, and 5 females (19:2 
per cent.), with a mean of 30 miles; 2 males were taken to the north and west ; 
1 male and all the females to the south and west. 

50 to 100 mailes.—Sixteen, or 39 per cent., were taken at distances of from 58 
to 98 miles ; 3 males (21-4 per cent.), with an average of 75°3 miles, and 13 females 
(50 per cent.), with an average of 77°8 miles; 2 of the males and 8 of the females 
were found to the south and west, 3 females to the south and east, 1 female to the 
north and west, and 1 to the north and east, and 1 male to the west. 

Over 100 miles.—Sixteen, or 39 per cent., migrated distances of from 101 to 
397 miles, viz. 7 males (50 per cent.), with an average of 171 miles, 8 females (30°8 
per cent.), with a mean of 143 miles; and 1 of unknown sex, which went 230 miles 
to the south and west ; 6 of the males and all the females migrated to the south 
and west, and 1 male to the south and east. 


MaTuRITY. 


Males.—The condition of the testes was ascertained in 11 of the 14 recaptured. 
Two were “‘ spawning,” 1 taken in March 1912, at the Shetlands, 46 miles to the 
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nerth and west, the other in March 1914, on the west coast, south-west of Cape 
Wrath, 178 miles to the west and south. One was “apparently ripe”; it was 
caught in November 1911, off Noss Head, in the Moray Firth, 105 miles to the 
south and west. Four were “nearly ripe,’ 1 caught in October 1911, 18 miles 
to the north and west, and the others to the south and west, at 31, 66, and 77 miles, 
the last 2 to the east of the Orkneys. ‘Two were ‘three-quarters ripe,” | taken 
in January 1912, off Aberdeen, 164 miles to the south and west, the other in 
February 1912, off Noup Head, Orkneys, 83 miles to the westward. 

Females.—The condition of the ovaries was recorded for 23 of the 26 females 
recaptured. One was “ spawning”; it was taken in March 1912, 69 miles to the 
north and west, at the Shetlands. Another was described as “ fully ripe,” and 
was captured in October 1911—a date which suggests it was not spawning— 
40 miles to the south and west. Six were “‘ nearly ripe”’; ] was caught in January 
1912, 23 miles to the south and west, another in September 1912, 58 miles to the 
south and west, 1 in November 1911, 28 miles to the south and west, another in 
November 1911, offshore, to the south and east, at a distance of 90 miles; the 
other 2 were recaptured in November 1912, 1 off Noss Head, in the Moray Firth, 
at 105 miles, and the other at Loch Laxford, on the west coast, at 170 miles. Six 
were described as “‘ spent,” all taken to the south and west, 2 in May 1912, off 
Noss Head, 95 miles and 98 miles distant, 1 in July 1912, at 28 miles, 1 in August 
1912, east of the Orkneys, at 63 miles, 1 in March 1913, close to Cullen, on the 
south shore of the Moray Firth, at 139 miles, and the last in May 1913, east of the 
Orkneys, at 74 miles distant. A female, measuring 39°5-39-7 cm., taken in February 
1912, near Clyth Ness, in the Moray Firth, was described as “immature.” 


EXPERIMENT VII. 
19th June 1912. 


In this experiment, 102 marked plaice, 31 males and 71 females, were liberated 
cn 19th June 1912, also at the station 59° 20’ N.; 1° 3’ W. The males ranged in 
size from 28°5 to 41 cm., and 15 were under adult size on liberation ; the females 
measured 29 to 63 cm., and 36 were under adult size when liberated. 

The fish used in this experiment were taken by the “ Goldseeker ” in Dornoch 
Firth, on the 18th June, in the forenoon, and were liberated at 7 a.m. on the 19th. 

The numbers liberated and recaptured, arranged in 5-cm. groups, are shown 
in the following table :— 


cm. em. em. em. em. em. em. em. 
25-30°5 31-35°5 36-40°5 41-45°5 46-50°5 51-55:°5 56-60°5 61-65°5 Total. 
Bp Etb. ie 24 27 13 8 6 6 4 3 ca 
F. Recap. — 13 7 5 4 3 1 2 35 
Mobibee 6-95 20 5 1 ~- — i i 31 
M. Recap. 1 6 4 —_ —— _ = #3 11 


Forty-six of the marked plaice were recaptured, or 45-1 per cent., namely, 11 
males (35°5 per cent.) and 35 females (49°3 per cent.). Ten males were of adult size, 
ranging from 33°5 to 43°8 cm., and averaging 38-3 cm., as compared with an average 
of 34:4 em., and a range of from 30°5 to 38-5 cm. on liberation ; they were at liberty 
for from 123 to 623 days, the mean being 339 days; they migrated distances of 
from 24 to 109 miles, the mean being 68°8 miles, and the mean rate of movement 
1:9 miles. Twenty-six of the females were of adult size on recapture, ranging from 
38-2 to 62:1 cm., and averaging 47:2 cm., as against a range of from 32 to 62 em., 
and an average of 44:1 cm. on liberation ; they were at liberty for from 110 to 
881 days, the mean being 333 days; they migrated from 8 to 215 miles, the mean 
being 55:5 miles, and the mean rate 1-7 miles. Nine of the females were under 
the adult size on recapture, averaging 35°3 cm., and ranging from 34:3 to 36°7 em., 
as compared with an average of 34°5 cm., and a range of from 32 to 38 cm. on 
liberation ; they were at liberty for from 75 to 339 days, the mean being 152 days; 
they migrated distances of from 28 to 120 miles, the mean being 66-4 miles, and 
the mean rate 4°3 miles. = 
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THE EXTENT AND DIRECTION OF MIGRATION. 


First Quarter—None was taken in June or July, but in August a male was 
recaptured and landed at Dundee by a local trawler with an intimation that the 
fish was taken “‘ 16 miles north-west of the Bell Rock,” a position which is well 
on land. On the assumption that it was 16 miles south-east of the Bell Rock, 
the distance would be 190 miles to the south and west, and the mean rate of move- 
ment 34:5 miles per 10 days; on the assumption that it was 16 miles to the north- 
east of the Bell Rock, the distance would be 163 miles, and the mean rate of move- 
ment 29-6 miles. This fish measured 32-31°8 cm., and was ‘‘ immature.” 

Four females were taken in September, all to the south and west ; 1, 7 miles 
south-east from Start Light, Orkneys, at a distance of 35 miles; another, north 
and east of Kinnaird Head, at a distance of 52 miles, and 1 a little to the north 
east of Kinnaird Head, at a distance of 89 miles, and the fourth to the south-east 
of Buchanness, at a distance of 120 miles. 

In this quarter, 5 fish, or 10-9 per cent., were recaptured, all to the south and 
west. 

Second Quarter—One male and 6 females were recaptured in October, the male 
24 miles to the north and west ; a female 14 miles in the same direction ; another 
female was taken 56 miles to the south and east, in the offshore waters, and the 
other four to the south and west ; 1 at a distance of 31 miles; another at 61 miles, 
the third at 88 miles, near Kinnaird Head, and the fourth 6 or 7 miles south- 
south-east from Buchanness, at a distance of 180 miles. 

In November, 3 females were recaptured ; | in the Moray Firth, the position 
unspecified, the other 2 at 8 and 11 miles to the north and west. A female was 
taken in December, 59 miles to the south and west, north-east of Duncansby Head. 

In this quarter, 11 fish, or 23-9 per cent., were recaptured, the position being 
known for 10 (21:7 per cent.). Five were found to the south and west ; 4 to the 
north and west, and 1 to the south and east. 

Third Quarter—None was recaptured in January, but 1 male and 6 females 
were taken in February. Place of capture of the male was not ascertained, the 
fish being found on the market at Billingsgate. Five of the females were found 
to the south and west ; 2 of them at 37 and 39 miles, to the east of the Orkneys, 
1 at 28 miles and 2 in the Moray Firth, south-east of Berriedale Head, at 95 and 
99 miles. The remaining female is described as having been captured 95 miles 
to the east and south, in the offshore waters. 

In March, 2 males and a female were taken all to the south and west; the 
female and | of the males to the east of the Orkneys at 42 and 45 miles ; the other 
male in the Moray Firth, south east of Clyth Ness at 90 miles distant. 

In this quarter, 10 tish, or 21°7 per cent., were captured, the place of capture 
being recorded for 9 (19-6 per cent.), of which 8 (88-9 per cent.) were found to 
the south and west, and 1 to the south and east. 

Fourth Quarter—In April, 2 females were recaptured, both to the north and 
west, 1 near Start Point, Orkneys, at 39 miles, the other 7 miles west by north 
from Foula, Shetlands, at 63 miles distant. 

In May, 2 males and 2 females were recaptured, the females to the north and 
west, at distances of 10 and 44 miles, the latter near Start Pot, Orkneys; the 
males were found to the south and west, 1 east of tne Orkneys, at a distance of 39 
miles, the other near Cullen, on the south shore of the Moray Firth, at a distance of 
109 miles. 

In June, 1 male and 2 females were recaptured, the male 40 miles north and 
west, near Auskerry, Orkneys ; the females, south and west, 1 east of the Orkneys, 
at a distance of 44 miles, the other south-east of Noss Head, in the Moray Firth, 
at a distance of 78 miles. 

In this quarter, nine of the marked plaice, or 19-6 per cent., were recaptured, 
5 to the north and west, and 4 to the south and west. 

In the 12 months following liberation, 35 of the marked plaice, or 76-1 per cent., 
were taken, the position being recorded for 33 (71-7 per cent.). Twenty-two 
(66-6) per cent. to the south and west, 9 to the north and west, and 2 to the south 
and east. 

Of the remaining fishes, 5 were recaptured in the remainder of 1913, and 6 in 
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1914. In July 1913, a female was taken 43 miles to the south and west, east of 
the Orkneys. In August, a female was recaptured by a German trawler, and landed 
at Cuxhaven, with the intimation that it was taken on the Great Fisher Bank 
(57° N. 4’ B.), at a distance of about 215 miles to the south and east. In November, 
a female was recaptured 11 miles to the south and east, and in December, a male and 
a female, the latter 77 miles to the south and west, south-east of Noss Head, Moray 
Firth, and the male 101 miles to the north and west, 5 miles from Sule Skerry. 

In January 1914, a female was caught 12 miles to the north and east. In 
February, a male was got in the “ Moray Firth,” and landed at Grimsby by a 
foreign trawler. In March, a male and a female were recaptured, the female south- 
east of Noss Head, at a distance of 75 miles to the south and west, the male south- 
east of Berriedale Ness, in the Moray Firth, 103 miles to the south and west. In 
May, a female was recaptured near Foula, Shetlands, 52 miles to the north and west, 
and in November, a female 8 miles 8.8.W. of Sumburgh Head, Shetland, at a dis- 
tance of 25 miles. 

The following table shows how all the fish of the experiment were distributed 
in each quadrant :— 


Aggregate | Average 
Quadrant. Sex. N e of Distance Distance Mean 
Fish. : : Direction. 
(miles). (miles). 
N. and E. Adult Females. 1 12 12 ING ice Ble 
N. and W. Adult Males. 3 165 55 N. 63° W 
Adult Females. 8 229, 28 N. 34° W. 
Immature Females. 1 44 44 N. 82° W. 
12 431 36 N. 45° W 
S. and E. Adult Females. 3 321 107 8. 41° EB. 
Immature Females. 1 56 56 S. 57° B 
4 Slat 94. 8. 45° B 
S. and W. Adult Males. 5 386 Te S. 65° W 
Immature Males. 1 190 190 S. 27° W. 
Adult Females. 14 889 63 S. 58° W. 
Immature Females. 6 42] 70 S. 39° W 
26 1886 72 S. 54° W 
SUMMARY. 
N. and E. 1 12 12 IN S72 aR 
N. and W. 12 43] 36 N. 45° W. 
S. and E. 4 377 94. S$. 45° BH. 
S. and W. 26 1886 72 S. 54° W. 
43 


Distances travelled—10 miles and under.—Two fish, or 4°6 per cent. were taken 
at 8and 10 miles ; they were both females. 

10 to 20 miles.—Four fish, or 9°3 per cent., were recaptured at 11, 12,and 14 miles; 
they were all females (11-8 per cent.). Two were taken to the north and west, 
1 to the north and east, and | to the south and east. 

Thus, under 20 miles, 6 fish, or 13-9 per cent., were recaptured, all females 
(17-6 per cent.), with an average of 11 miles. 

20 to 50 miles.—Fifteen of the marked plaice, or 34-9 per cent., were recovered 
at distances of from 24 to 45 miles 4 males (44:4 per cent.), with an average of 37 
miles, and 11 females (32:3 per cent.), with an average of 37 miles. Two of the 
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males and 8 of the females were found to the south and west, 2 of the males and 3 
of the females to the north and west. 

50 to 100 miles.—Filteen fish, or 34°9 per cent., were recaptured at distances of 
from 52 to 99 miles, 1 male 90 miles to the south and west, and fourteen females 
(41:2 per cent.), with an average of 74 miles. Ten were found to the south and 
west, 2 to the north and west, and 2 to the south and east. 

Over 100 miles.—Seven fish, or 16°3 per cent., were recaptured at distances 
of from 101 to 215 miles (on the supposition that 1 of the fish was really taken on 
the Great Fisher Bank, and not in the Moray Firth). Four were males (44°4 per 
cent.), with an average of 125°7 miles, and 3 (8:8 per cent.) were females, with an 
average of 151 miles. Three of the males and 2 of the females were found to the 
south and west, | of the males to the north and west, and 1 of the females to the 
south and east. 

MATURITY. 


Males —The condition of the testes was ascertained in 6 of the 1] recaptured, 
Two were “spawning”; 1 was taken in March 1913, 45 miles to the south and 
west, east of the Orkneys ; the other in March 1914, 103 miles to the south and 
west, off Berriedale Ness, in the Moray Firth. One was “ nearly ripe’; it was 
captured in December 1913, off the north coast, near Sule Skerry, 101 miles to the 
westward. 

Females.—The condition of the ovaries was recorded for 28 of the 35 recaptured. 
One was “spawning” ; it was taken to the east of the Orkneys, in February 1913, 
at a distance of 39 miles to the south and west. Five were “ nearly ripe”; 1, 
taken in October 1912, 14 miles to the north and west; another, in November 
1912, 8 miles to the north and west; the third, in September 1912, to the north 
of Kinnaird Head, 52 miles to the south and west; the fourth, in November 19}2, 
11 miles to the north and west ; and the fifth, in January 1914, 12 miles to the 
northward. One was “ three-quarters ripe’; it was taken in November 1913, 11 
miles to the south and east. Seven were described as “spent”; 1, taken in 
February 1913, 37 miles to the south and west, east of the Orkneys; another 
in April 1913, 39 miles to the north and west, near Start Point, Orkney ne third, 
in May 1913, 10 miles to the north and west ; the fourth, in June 1913, 44 miles 
to the south and west, east of the Orkneys ; the fifth, in July 1913, 43 miles to the 
south and west, east of the Orkneys ; the sixth, in March 1914, south-east of Noss 
Head, 75 miles to the south and west ; and the last, in May 1914, near Foula, 52 
miles to the north and west. 

Among the adult fish whose ovaries were “‘ immature’? was 1 taken in March 
1913, 42 miles to the south and west, east of the Orkneys ; it measured 40-41:4 em. 


‘6 ? 


EXPERIMENT VIII. 
22nd November 1912. 


In the last experiment near Fair Isle, 100 plaice were marked and liberated, at 
59° 20’ N.; 1° 3’ W., 42 males, 56 females, and 2 whose sexes were not ascertained. 
The sizes of the males ranged from 25 to 43 cm., and 2 were under adult size on 
hberation ; the females measared from 32°5 to 48°5 cm., and 38 were below adult 
size on liberation. 

The numbers liberated and recaptured, arranged in 5-em. groups, were as 


follows :— 
cm. cm. cm. em. cm. 
25-30°5 $1—35°5 36-40°5 41-45°5 46—50°5 Total. 


Hetabe: : : = 18 28 8 2 56 
F Recap. , 5 — 2 10 3 — 15 
M. Lib. . : ‘ 1 21 18 2 — 42 
M. Recap. ; : = 7 8 — we 16 
ZEap.. .. ; é = i 1 a — 2 
% Recap. , : = =e — — = = 


The fish used in this experiment were taken by the “ Goldseeker ” in the fore- 
noon of the 21st November, in the Dornoch Firth (Moray Firth). 
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The number recaptured was 31, or 31 per cent., viz. 16 males (38:1 per cent.) 
and 15 females (26°8 percent.). Fifteen of the males were of adult size on recapture, 
ranging from 33°7 to 44°5 em., and averaging 37:3 cm., as compared with a range of 
from 33 to 40°5 cm., and a mean of 36 cm. on liberation ; they were at liberty for 
from 27 to 569 days, the mean being 174 days ; they migrated distances of from 11 
to 205 miles, the mean being 83-9 miles, and the mean rate 4:7 miles. Twelve of 
the females were of adult size, ranging from 38-7 to 51-4 cm., and averaging 43°9 
cm., as against a range of from 33°5 to 43 cm., and an average of 38:9 cm. on 
liberation ; they were at liberty for from 59 to 681 days, the average being 346 
days ; they travelied distances of from 9 to 114 miles, the mean being 50°7 miles, 
and the mean rate 1:5 miles. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter —A male was recaptured in December, north-east of Buchanness, 
44 miles to the southwards. In January 1913, 3 males and a female were taken, 
the female close to the place where the male was captured in December, at a distance 
of 44 miles to the south, 1 of the males offshore to the south and east, at a distance 
of 90 miles, the second male south-east of Noss Head, Moray Ficth, at a distance of 
76 miles to the south ; the third male is described as having been taken, after 47 
days, on the Great Fisher Bank, 205 miles to the south-east, the rate of movement 
being 43:6 miles per 10 days ; this fish was landed at Grimsby, and was probably 
caught elsewhere than the place mentioned. Two males and 3 females were taken 
in February, | of the males 16 miles to the south and west, and the other 126 miles 
to the south and west, near Aberdeen ; 1 of the females was taken 11 miles to 
the north and east, another 27 miles to the south and east, and the third 41 miles 
to the north and west, 53 miles off Fitful Head, Shetland. 

In this quarter, 10, or 32°25 per ceat., were recaptured, 4 +0 the south and west, 
4 to the south and east, and 1 each to the north and east, and north and west. 

Second Quarter.—-In March 1913, 4 males and 2 females were got, the place of 
capture of 1 of the males not being ascertained ; the other 3 were taken to the south 
and west, | east of the Orkneys, at a distance of 41 miles, 1 in the Moray Firth near - 
Tarbet Ness, at a distance of 110 miles, and the third between Buchanness and 
Aberdeen, at a distance of 119 miles. One of the females was taken east of the 
Orkneys, 46 miles to the south and west, and the other offshore, 79 miles to the 
south and east. A male was caught in April, 44 miles E.18. from the Bell Rock, 
162 miles to the southwards, and in May, a male and female, the female 11 miles 
and the male 13 miles to the north and west. 

In this quartvr, 9, or 29 per cent., were got, positions being known for 8, or 
25°8 per cent., of which 5 (62°5 per cent.) were recaptured to the south and west, 
2 to the north and west, and 1 to the south and east. 

Third Quarter—In July, a male was taken 11 miles to the north and west, 
and in August, 2 females, 1, 17 miles to the north and west, 5 miles from Fair Isle, 
and the other on Smith Bank, Moray Firth, 89 miles to the south and west. 

Only 3, or 9°7 per cent., therefore, were found in this quarter, 2 to the north 
and west, and 1 to the south and west. ; 

Fourth Quarter—Only 1 was taken in this quarter, a male captured in 
September, near Noss Head, Moray Firth, 76 miles to the south and west. 

In the 12 months after liberation, 23 or 74:2 per cent., were recovered, positions 
being known for 22, or 70°9 per cent. ; 11 (50 per cent.) were taken to the south 
and west, 5 each to the north and west and south and east, and 1 to the north 
and east. 

The remaining captures were all in 1914. In January, a female was taken 
51 miles to the north and west, on the west of the Shetlands. In March, a male 
and a female were found, both in the Moray Firth, one off Noss Head, 76 miles 
to the south and west, the other near Clyth Ness, 93 miles in the same direction. 
A female was taken in April, 6 miles from Buchanness, 114 miles to the south 
and west, another female in May, east of the Orkneys, 35 miles to the south and 
west, a male and a female in June, the female 9 miles to the north and west, and 
the male 34 miles to the south and west, east of the Orkneys. The last fish from 
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the experiment was recovered in October 1914 ; it was a female which was got off 
Grimsby, Orkneys, 56 miles to the south and west. 

The following table shows how all the fish of the experiment were distributed 
in each quadrant :— 


Aggregate | Average 
Quadrant. Sex. No. of | Distance Distance Mean 
Fish. (miles). (miles). Direction. 
N. and E. Immature Females. 1 11 ll N. 19° E. 
‘N.andW. | Adult Males. 2 24 12 N. 26° W. 
Adult Females. 4 88 22 N. 29° W. 
Immature Females. 1 41 41 N. 4° W 
7 153 22, x 25° W ti 
Gsiancin ole) Adult: Males 2 295 147 S. 56° E. 
Adult Females. 3 150 50 S. 28° EB. 
5 445 89 |S8.39°E 
Soeau W. Adult Males. 10 856 86 S. 45° W. 
Immature Males. 1 4] 41 S. 63° W. 
Adult Females. 5 370 74 S. 59° W. 
Immature Females. 1 46 46 S. 82° W. 
17 1313 78 S. 53° W 
TE Ee SS) See a eee ee || See es ee Parone be cuer ie rps tee. 
SUMMARY. 
N. and E. 1 11 11 N. 19° E 
N. and W. fl 153 22 N. 25° W 
S. and E. 5 445 89 S. 39° E. 
S. and W. WZ 1313 78 S. 53° W 
30 | 


Distances travelled—10 miles and under—Only 1, a female, was found under 
10 miles; it had moved 9 miles to the north and west. 

10 to 20 miles.—Six, or 20 per cent., were taken between 11 and 17 miles, 3 
males (20 per cent.), with an average of 13°3 miles, and 3 females (20 per cent.), 
with an average of 13 miles. Two of the males and 2 of the females were found 
to the north and west, one male to the south and west, and 1 female to the north 
and east. 

Thus, 7 fish, or 23-3 per cent., were captured under 20 miles. 

20 to 50 miles.—Hight, or 26°6 per cent., were found at distances between 27 
and 46 miles, 3 males (20 per cent.), with a mean of 39°6 miles, and 5 females 
(33:3 per cent.), with an average of 38-6 miles. Allthe males and 2 of the females 
were found to the south and west, 2 females to the south and east, and 1 to the 
north and west. 

50 to 100 miles.—Nine, or 30 per cent., were recaptured at distances of from 
51 to 93 miles, 4 males (26-2 per cent.), with an average of 83°7 miles, and 5 males 
(33:3 per cent.), with an average of 70°2 miles. Three of the males and 3 of the 
females migrated to the south and west, 1 male and 1 female to the south and 
east, and 1 female to the north and west. 

Over 100 miles.—Six, or 20 per cent., were found at distances exceeding 100 
miles, 5 males (33°3 per cent.), with an average of 144:4 miles, but this includes 
a fish said to have been captured at the Great Fisher Bank, and 1 female which 
was found 114 miles to the south and west. All the males went to the south and 
west, except the 1 described as caught on the Great Fisher Bank. 


246 


MATURITY. 


Males.—The condition of the testes was ascertained in 10 of the 16 recaptured. 
Three were “spawning,” 1 taken in February 1913, off Aberdeen, 126 miles to 
the south and west, another in March 1913, near the same place, at a distance 
of 119 miles, the third in March 1914, im the Moray Firth, near Clyth Ness, 98 
miles to the south and west. One was described as “ripe”; it was recovered 
in February 1913, 16 miles to the south and west. One was “spent”; it was 
got in May 1913, 13 miles to the north and west. Two were “nearly ripe,” 1 
captured in December 1912, 44 miles to the south and west, and 1 in January 
1913, south-east of Noss Head, in the Moray Firth, at a distance of 76 miles. 

Females.—The condition of the ovaries was recorded in 13 of the 15 recaptured. 
None was “spawning,” but 1 was “ripe”; it was captured on 19th August 1913, 
at Smith Bank, Moray Firth, 89 miles to the south and west. Three were de- 
scribed as “spent,” 1 taken in March 1914, south-east of Noss Head, in the Moray 
Firth, 76 miles to the south and west, another in April 1914, near Buchanness, 
114 miles to the south and west, and the third in May 1914, 35 miles to the south 
and west, to the east of the Orkneys. Among the females described as “ imma- 
ture,” was 1, taken in March 1913, 79 miles to the eastwards, offshore, and it 
measured 39-39:4 cm., and another, measuring 35-44°‘7 ecm., taken in January 
1914. 9 miles to the north and west. 


EXPERIMENTS AT 100 Mites East oF THE ISLE oF May. 


At this station, which lies in Lat. 56° 40’ N.; Long. 1° 21’ E., with a depth of 
waterof between 40 and 50 fathoms, marked plaice were liberated cn 2 occasions, 
namely, in June 1912 and June 1913. Particulars in regard to the liberated fish, 
and those recaptured, are as follows :— 


No. of Fish. 
Now of. | (isco ee i = Percentage 
Experi- Date. Marked. | Recaptured. Recaptured. 
ment. Nl 7 Es 
oe Mee AIRC) ee 6 | @ | (2) | Total.) ¢ @) (2) | Total. 
= F | 4 é | | 
| | | | | | | 
I) 12 Fane 1912, | 38") 47" 5 91 | IAS T(t: | Sveemie 329 35-9 31-9 er nee 
| | | 
Il. 18 June 1918, | 42.| 58) 1), 10¥"| 10 |.15.| ...|_ 25. 28:8} 25:0 | aan 
| , | | 
Total. | 81105 6 | 192 | 


240 POOR eee 54 | 29°6| 28°6| ... | 28-1 
| | 


| 


EXPERIMENT I. 
12th June 1912. 


In this experiment, 91 plaice were marked, namely, 39 males, 47 females, and 
5 whose sexes were not determined. The sizes of the males, on liberation, ranged 
from 26:5 to 38 cm., and 19 were under adult size; the sizes of the females 
varied from 27 to 54 cm., and 35 were under the adult size. The numbers 
liberated and recaptured, arranged in 5-cm. groups, are set forth in the following 
table :— 


cm. cm. cm. cm. cm. cm. 
25-30°5 31-35°5 36-40°5 41-45°5 46-50:5 51-55:5 ‘Total. 
#. Lib. : oe ell 20 10 3 2 1 47 
F. Recap. . : 1 if 5 1 — 1 15 
M. Lib. ; suey b 24 + aan = —_ 39 
M. Recap. . : 5 6 3 — = see 14 


2 Lib. 5 F 1 1 3) pais seach a 5 
Recap. . ._ = —_ —_ = —— = 0 
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The fish used in this experimert were trawled by the ‘‘ Goldseeker,” in Kirk- 
caldy Bay, on the afternoon of the 11th June, and were marked between 3.35 
and 6.25 p.m. They were kept in tanks of running water until midnight on the 
following day, when they were liberated. Nine had succumbed in the: tanks. 

The number recaptured was 29, or 32 per cent., namely 14 males (35:9 per cent.) 
and 15 females (31-9 per cent.). 

Of the males taken, 11 were of adult size, the average being 38:2 cm., and the 
range from 35 to 42:1 cm., as compared with a mean of 34:2 cm., and a range of 
from 28 to 38 cm. on liberation; they were free for from 121 to 795 days, the 
mean being 497 days; they migrated distances of from 21 to 100 miles, the 
average being 59:4 miles, and the mean rate, per 10 days, 1:2 miles. Three of 
the males were under the adult size, the average being 30 cm., as compared with 
29°3 cm., on liberation; they were free for a mean period of 107 days, and 
migrated an average distance of 60°6 miles, the mean rate of travel, per 10 days, 
being 5°65 miles. 

Seven of the females were of adult size on recovery, ranging from 39 to 53°3 
em., with an average of 43°9 cm., as compared with a mean of 41°6 cm. on libera- 
tion; they were free for from 22 to 912 days, the mean being 386 days; they 
travelled distances of from 4 to 119 miles, the average being 74 miles, and the 
mean rate of travel, per 10 days, was 1°9 miles. Eight were under the adult size, 
the average being 33:4 cm., as compared with 33-6 cm. on liberation ; they were 
at liberty for a mean period of 217 days, and migrated distances of from 423 
to 132 miles, the average being 70°5 miles, and the mean rate of movement 3:2 


miles. 
Tue ExtTENT AND DIRECTION oF MIGRATION. 


First Quarter.—None was caught in June, but 2 females were recaptured in 
July, 1, after 22 days, a few miles off Tod Head, at a distance of 80 miles to 
the westwards, having travelled at the mean rate of 36:4 miles per 10 days; it 
measured 54-53°3 cm., and was “spent”; the other was taken to the east of 
the Isle of May, 75 miles to the westwards, after 40 days, or at the mean rate of 
18-9 miles per 10 days; it measured 29°5-27°9 cm., and was “immature.” 

Two females were recaptured in August, 1 off Longstone Light, after 70 days, 
at a distance of 76 miles to the south and west, the average rate of migration being 
10°8 miles per 10 days; it measured 39-39 cm. ; the other female was got to the 
east of May Isle, at a distance of 52 miles, after 78 days, the rate of travel being 
6°6 miles per 10 days ; it measured 34°5-35 cm. 

Four fish, therefore, or 13-8 per cent., were taken in the first quarter, 3 of them 
being to the west and south. 

Second Quarter.—Two males and 3 females were recaptured in September, 1 of 
the males, after 87 days, 72 miles to the westward, off the Isle of May, the other, after 
107 days, 41 miles to the north and west, to the south-east of Aberdeen; 1 of the 
females was taken south-east of Longstone Light, after 96 days, at a distance of 82 
miles to the south and west; another was recaptured, after 102 days, north-east 
of the Bell Rock, at a distance of 42 miles to the north-west ; the remaining female, 
which measured 31-30 cm., was got offshore, at a distance of 117 miles E. by 8.48. 
of Longstone Light (Lat. 55° 40’ N.; Long. 1° 55’ E.). 

In October, 2 males were recovered, 1 south-east of May Isle, at a distance of 
50 miles to the south and west, the other, 69 miles to the north and west, at a point 
east of the Bell Rock. 

A male was taken in November, far offshore, to the north-east of Buchanness, at 
a distance of 100 miles to the north and east, in 62 fathoms. 

Thus, in the second quarter, 8 fishes, or 27°6 per cent., were recaptured, 3 to the 
north and west, and two to the south and west. 

Third Quarter.—Only 1 was taken in this period, namely, a female in February 
1913, 60 miles to the north and west, at Aberdeen Bank ; it measured 37-37-6 cm., 
and was ‘“‘ immature.” 

Fourth Quarter —Two males and a female were got in May 1913; the female 
was taken in the Firth of Forth, about 3 miles 8.8.W. of Buckhaven, at a distance 
of 117 miles to the westwards ; it measured 36°5-39°2 cm., and was “‘ immature.”’ 


248 


The 2 males were recaptured to the north-east of the Bell Rock, not far apart, 
1 at a distance of 65 and the other at 69 miles to the north and west. 

Within the first 12 months after liberation, then, 16 fishes, or 55:2 pe rcent., 
were recaptured, 7 (43°75 per cent.) to the north and west, and 5 (31:25 per cent.) 
to the south and west. 

Of the remainder, 7 were taken in 1913, and 6 in 1914. Two females were 
recovered in June 1913, both off Aberdeen, not far apart, at distances of 60 and 63 
miles respectively to the north and west. A female was recaptured in July, 132 
miles to the south and west, 2 miles S.W./W. 48. of the Tees Buoy. A male was 
taken in September, south-east of Aberdeen, at a distance of 593 miles to the 
north and west. In October, 2 males and | female were caught, the female near 
the place of liberation, at a distance of 4 miles to the south and east ; | of the males 
had migrated westward for a distance of 88 miles, and was recaptured east of the 
Isle of May ; the other was caught to the south-east of Buchanness, at a distance of 
40 miles to the north and west. 

In April 1914, a male was taken to the east of Aberdeen, at a distance of 48 miles 
to the north and west, “‘immature.’”’ A male and a female were recaptured in July, 
the male 50 miles to the N.W., south-east of Aberdeen, the female 39 miles to the 
west and north. In August, a male was recaptured 21 miles to the north and west 
of the station. In September, a male was got north-east of May Isle, at a distance 
of 82 miles. The last fish to be recovered in the experiment was a female, measuring 
33 em. on liberation, but of unknown size on recapture, which was taken in December 
1914, after 912 days, off Banff, in the Moray Firth, at a distance of 119 miles. 

The chart shows that almost all these fish migrated towards the shore from the 
deeper water, where they were liberated, to the shallower water near the coast, 
and with a rapidity much greater than usual. The only exceptions are 3, 1 which 
moved to the north and east, and 2 which went to the south and east. 

Distances travelled—10 miles and under—Only 1 fish, or 3:4 per cent., was 
taken under 10 miles—a female, which was found 4 miles to the east and south. 
This, indeed, was the only fish recaptured within 20 miles of the station. 

20 to 50 miles——Nine, or 31 per cent., were taken at distances of from 21 to 50 
miles, 7 males (50 per cent.), with an average of 41°3 miles, and 2 females (13°3 per 
cent.), with a mean distance of 40°7 miles. They all migrated towards the coast, 
the 2 females and 6 of the males to the north and west, and 1 of the males to the 
south and west. 

50 to 100 miles.—Sixteen fishes, or 55:2 per cent., were found at distances of 
from 52 to 100 miles, 7 males (50 per cent.), with an average of 77°9 miles, and 9 
females (60 per cent.), with an average distance of 69°7 miles. With 2 exceptions, 
they all travelled towards the coast, to the west or north-west, but 4 of the females 
went to the south and west ; of the 2 exceptions referred to, 1 went north and east, 
and was recaptured far offshore, to the north and east of Buchanness, and the 
other went south and east, also offshore. 

Over 100 miles.—Three of the females were taken at distances over 100 miles, 
1 in the Firth of Forth, 117 miles to the west, another, in the Moray Firth, off Banff, 
at a distance of 119 miles, and the third, off the Tees, 132 miles to the south and 
west. 

MATURITY. 


Males.—The condition of the testes in 12 of the 14 recaptured was ascertained. 
They were all “immature”; 9 were above adult size, but only 1 was recaptured 
within the limits of the spawning season, viz. on 21st April 1914, at a distance of 
48 miles to the north and west, off the coast of Aberdeen ; it measured 30°5-36'5 cm. 

Females—The condition of the ovaries was ascertained in only 9 of the 15 
females recovered. None was “ spawning” or “ripe”; 1, of 54-53°3 em., taken 
in July 1912, near Tod Head, 80 miles to the west and north, was “spent.” All 
the others were “ immature,’’ and none was taken within the limits of the spawning 
season. 

EXPERIMENT II. 


13th June 1913. 


In this experiment, 101 plaice were marked and liberated, viz. 42 males, 58 
females, and 1 whose sex was not determined. The males ranged in size from 
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95°5 em. to 40°5 cm., and 25 were under the adult size on liberation ; the females 
varied from 25 to 47°5 cm., and 35 were under adult size. The numbers liberated 
and recaptured, arranged in 5-cm. groups, were as follows :— 


em. cm. cm. em. cm. i 
25-30°5 31—35°5 36—40°5 41-45:°5 46-50°5 Total. 


e.-Lb, <. . - : 17 12 15 12 2 57 
F. Recap. : : 3 4 4 3 1 15 
M. Lib. . : : 23 8 11 — — 42, 
M. Recap. : : 5 3 2 — — 10 
BE aie deer, Voy ots _— — — 1 
? Recap. : : — — — = — 0 


There is doubt as to where the fish used in this experiment were captured, as 
there is no record on the subject, but, as the “ Goldseeker ” was working with the 
herring-trawl on the 12th and 13th to the east of the Isle of May, it is probable 
that they were caught in that locality. 

Only 25, or 24-7 per cent., of the marked plaice were recaptured, 10 males (23°8 
per cent.) and 15 females (25°9 per cent.). 

Six of the males recaptured were of adult size, ranging from 33°6 to 40°7 em., 
and averaging 37 cm., as compared with a range of 30°5 to 39°5 cm., and an average 
of 34:8 cm. on liberation ; they were at liberty for from 54 to 943 days, the mean 
being 394 days; the distances migrated varied from 50 to 71 miles, the average 
being 58 miles, and the mean rate of travel 1°5 miles. Four of the males were 
under adult size on recapture, the average being 30°8 cm., as compared with 27°6 
cm. on liberation ; they were at liberty for a mean period of 423 days, and migrated 
distances of from 42-112 miles, the average being 83:2 miles, and the mean rate 1°9 
miles. 

Ten of the females were of adult size, ranging from 38°8 to 48°8 cm., and averag- 
ing 42°6 cm., compared with a range of from 29 to 47 cm., and an average of 39°3 cm. 
on liberation ; they were at liberty for from 150 to 1065 days, the mean being 402 
days; they migrated distances of from 19 to 167 miles, the average being 74:2 
miles, and the mean rate 1°8 miles. Five of the females were under adult size, 
the average being 32°7 cm., as compared with 31°3 cm. on liberation ; they were 
free for an average period of 248 days, and migrated from 10 to 181 miles, the average 
being 79°4 miles, and the mean rate 3-2 miles. 


Tue EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—Only 1 fish was recovered in this quarter, a male, taken in August, 
after 54 days, 57 miles to the westwards, south and east of Tod Head. 

Second Quarter —A male and a female were recaptured in September, the male, 
after 106 days, at Aberdeen Bank, a distance of 58 miles to the north and west ; 
the female, after 90 days, off St. Abb’s Head, at a distance of 75 miles to the south 
and west. 

A female was caught in October, after 130 days, 10 miles to the south and west 
of the station. 

Two females were recaptured in November, 1, 19 miles to the north and east, 
and the other in the offshore waters, 39 miles to the south and a little west. 

Thus, in this quarter, 5 were recovered, or 20 per cent., 3 to the south and west, 
and 2 to the north and west. 

Third Quarter.—Only 1 was caught in this period, a female, in December, after 
181 days, off Aberdeen, at a distance of 61 miles. 

Fourth Quarter —Five were taken in April 1914, 2 males and 3 females; both 
males had migrated in the same direction, 1 being got south of the Bell Rock, at the 
entrance to St. Andrew’s Bay, at a distance of 94 miles, and the other to the east of 
the Bell Rock, at a distance of 71 miles; they measured respectively 28°5 to 30°7 
em., and 39°5 to 40°7 em., and were “immature.” The 3 females were described 
as “ spent’; 1, of 43°5-47 cm., taken at Aberdeen Bank, at a distance of 59 miles 
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to the north and west; another, of 40°5-41 cm., caught in the Moray Firth, off 
Banff, at a distance of 122 miles to the north and west ; and the third, of 28°5-30 
cm., 60 miles E. 4 8. of Spurn Point, at a distance of 181 miles to the south. There 
is little doubt that, from the size of this fish, its description as “‘ spent ” was a 
mistake. 

Two females were recovered in May, both to the south and west, one, measur- 
ing 31°5-31'5 cm., at Holy Isle, Northumberland, at a distance of 94 miles, and 
the other, of 38°5-40 cm., south-east of Longstone Light, at a distance of 79 miles. 

In the fourth quarter, therefore, 7 of the fish, or 28 per cent., were recap- 
tured, 4 (57:1 per cent.) to the north and west, 2 to the south and west, and 1 to the 
south. 

Thus, in the 12 months immediately following liberation, 14 plaice, or 56 
per cent., were recovered, 8 (57.1 per cent.) to the north and west, 5 (35:7 per cent.) 
to the south and west, and 1 to the south. 

In the remainder of 1914, other 9 fishes were taken ; none was recaptured in 
1915; 2 were obtained in 1916. me 

In July 1914, 2 males and a female were taken, one of the males 42 miles to the 
south and west, and the other near Aberdeen Bank, 50 miles to the north and west ; 
the female was taken offshore, east of Aberdeen, at a distance of 37 miles to the 
north and west. A female was caught in September, after 461 days, near shore, 
west of Longstone Light, Northumberland, at a distance of 93 miles to the south 
and west ; it measured 30°5-39 cm. In October, after 483 days, a male, of 26°5 
em. on liberation, but of unknown size on recapture, was got offshore, 74 miles 
N.E. by E. 4 E. of Flamborough Head, at a distance of 112 miles to the south and 
east. Two males and a female were recovered in November, the female, of 47-47:8 
em., offshore, 80 miles EK. } N. from Grimsby, at a distance of 167 miles to the 
south and east ; one of the males, of 33°5-35:7 cm., north-east of Longstone Light, 
60 miles to the south and west ; and the other, of 26°5-32 cm., near the Bell Rock, 
at a distance of 84 miles to the west and north. A female, of 29-39°7 em., was 
caught 1a December, after 553 days, near the coast to the south-east of Aberdeen, 
at a distance of 70 miles to the north-west. 

In January 1916, after 943 days, a male, of 30°5-38 cm., and “spawning,” 
was recovered, near Aberdeen Bank, at a distance of 50 miles to the north and 
west. In May, after 1065 days, a female, which measured 44°5-48°8 cm., was 
recaptured offshore, at a distance of 33 miles to the north and east. 

As in the previous experiment at this station, the chart, on which the lines of 
migration are drawn, shows that the movement of the great majority of the marked 
plaice was westwards towards the coast, the most notable exceptions being those 
which were taken off Flamborough Head and off Grimsby. 

Distances travelled—10 miles and under.—Only 1 fish, a female, was fount] in 
this category, at 10 miles to the south and west. 

10 to 20 males.—One female was got 19 miles to the north and west. 

20 to 50 miles.—Six, or 24 per cent., were recaptured at distances of from 33 to 
50 miles, 3 males (30 per cent.), with ar average of 47:5 miles, and 3 females (20 
per cent.), with an average of 36°3 miles. Two of the males and 1 of the females 
were taken to the north and west, off the coast of Aberdeen, a male and a female 
were found to the south and west, and | female to the north and east. 

50 to 100 miles.—Thirteen, or 52 per ceat., were got at distances of from 57 to 
94 miles, 6 males (60 per cent.), with an average of 70°7 miles, and 7 females (46°7 
per cent.), with an average of 75°9 miles. Five of the males and three of the 
females were found to the north and west, 1 male and 4 females to the south and 
west. 

Over 100 miles.—Four, or 16 per cent., migrated more than 100 miles, 1 male, 
which went 112 miles to the south and east, and 3 females, | of which travelled to 
the north and east for a distance of 122 miles, being taken in the Moray Firth, 
while the other 2 migrated to the southwards, 1 for 167 and the other for 181 miles. 


MATURITY. 


Males.—The condition of the testes was ascertained only in 5 of the 10 recap- 
tured. One was “spawning”; if measured 30°5-38 cm., and was caught in 
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January 1916, after 943 days, near Aberdeen Bank, 50 miles to the north and west. 
The others were “immature,” including one measuring 39°5-40°7 cm., caught on 
29th April 1914. 

Females.—The condition of a ovaries were ascertained in 12 of the 15 recap- 
tured. None was “spawning” or “ripe,” but three were described as “spent.” 
One, of 43°5-47 cm., was taken an Mes Bank, at a distance of 59 miles to the 
north and west, in April 1914 ; another, of 40.5-41 cm., was taken in the Moray 
Firth, off Banff, at a distance of 122 miles, on the Ist April 1914; the third, which 
was much under tne adult size, measuring 28°5-30 cm., was described as “spent,” 
doubtless by mistake. The other females were “immature.” 


EXPERIMENT AT 220 Mites East or THE IsLE or May. 
16th June 1913. 


At this position, which hes in Lat. 57° 15’ N.; Long. 3° 54’ E., near the Great 
Fisher Bank, 106 marked plaice were liberated on 16th Tine 1913, in a depth of 37 
fathoms. itty of the fish were males, the sizes ranging from 265-48 cm., and 
19 were under the adult size. Fifty-five were females, ranging in size from 26- 57 
em., 39 being under the adult size. There was only 1 fish whose sex was vot 
determiaed. 

As no record exists on the subject, there is some doubt as to the place where 
the fish used in this experiment were captured, but, as the vessel had been trawl- 
ing in the neighbourhood on that day and the day before, it 1s probable they were 
obtained locally. 

The numbers liberated and recaptured, arranged in groups of 5 cm., are shown 
in the following table :— 


cm. cm. cm. cm. cm. cm. 
25-30°5 31-355 36-40°5 41-45°5 46-50°5 56-60°5 =‘ Total. 
F. Lib. : 3 28 15 4 4 1 55 
F. Recap. . A 4 4 1 = ate 9 
M. Lib. ‘ : 7 26 11 5 1 — 50 
M. Recap. . = 6 2 — a aes 8 
? Lib. : oo j —~ — — — 1 
e Recap. « _ — — a = = = 0 


Only 17 of the marked plaice, or 16 per cent., were recaptured, namely, 8 males 
(16 per ceat.) and 9 females (16-4 per cent.). 

Seven of the males were of adult size on recapture, ranging from 35:7-40°3 em., 
and averaging 38:1 cm., as compared with a range of from 32°5-37 em., and an 
average of 35 cm. on liberation ; they were at lberty for from 80 to 397 days, the 
mean being 207 davs; the distances migrated were from 15 to 53:5 miles, the 
average being 32:1 miles, and the mean rate 1°8 miles. 

Six of the females were of adult size on recovery, ranging from 38:2-45:3 em., 
and averaging 41-6 cm., as compared with a variation of 34-45 cm., and a mean of 
38:2 cm., on liberation ; they were at liberty for from 72 to 440 days, the mean 
being 297 days; the Biatanees migrated varied from 8 to 228 miles, the average 
being 92-6 rie and the mean rate, per 10 days, 4:1 miles. Three wi the females 
were under the adult size on recapture, the average being 35 cm., compared with 
33:6 cm., on liberation ; they were free for an average period of 59 days, and 
migrated a mean distance of 25:2 miles, at a mean rate of 4:2 miles. 


Tue ExtenT AND DrtReEcTION oF MIGRATION. 


The fish in this experiment moved in various directions, so that the lines of 
movement, as represented on the chart, are stellate. 

First Quarter.—A female, of 32-31-9 cm., was taken in July, after 15 days, 324 
miles to the eastwards (8. 2° E.) In August, 2 females were recaptured, both 
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to the south-east, at distances of 16 and 24 miles; 1, measuring 38-38:2 em., 
was described as “ spent.” 

In this quarter, 3 fishes, or 17-6 per cent., were recaptured. 

Second Quarter —-Three males and 2 females were got in September, 2 of the 
males to the south and east, at distances of 28 and 33°5 miles; the third male was 
caught 12 miles to the north ; 1 of the females was recovered 27 miles to the south- 
west, the other 51 miles to the north. 

In October, a female was taken 8 miles to the south-west ; it measured 45-45°3 
cm., and is described as “ spent.” 

Two males were recaptured in November, one 293 miles to the south and west, 
the other 39 miles to the south and east. 

Thus, in this quarter, the number recovered was 8, or 47:1 per cent. 

Third Quarter —In this period, only 1 fish was taken, namely, a female, in 
February, after 239 days, in the Moray Firth ; it was got: by a German trawler, 
and landed at Bremerhaven, and was stated to have been captured 103 miles 
N. ? E. of Cullen, Banffshire, at a distance of 218 miles. No other fish was 
recaptured within the first year after liberation, so that the total taken in the 12 
months was 12, or 70°6 per cent., 6, or 50 per cent., to the south and east, 3, or 
25 per cent., to the south and west, 2 to the north and west, and | to the north and 
east. 

In July 1914, 2 males and a female were recovered. The female was taken at 
a distance of 27 miles to the north and west; 1 of the males was found in the 
same direction, at a distance of 53 miles, and the other, 15 miles to the south- 
west ; the latter, which measured 32°5-38°8 em., was described as “‘ spent.” 

In August 1914, after 440 days, a female, measuring 39°5-43°6 cm., was taken, 
by an English trawler, and landed at Grimsby, 20 miles E.S.E. of Flamborough 
Head (Lat. 54° N.; Long. 0° 25’ E.), at a distance of 228 miles to the south and 
west. 

The date of recapture of | of the fishes, a male, taken 26 miles to the south, 
was not recorded. 

Distances travelled—10 miles and under.—One fish, or 5-9 per cent., a female, 
was got at 8 miles distant to the south and west. 

10 to 20 miles.—T wo fishes, or 11°8 per cent., a male and a female, went distances 
of 15 and 16 miles respectively, the former to the south and west, and the latter 
to the south and east of the station. 

Under 20 miles.—Thus, 3 fishes, or 17:7 per cent., went journeys of less than 
20 miles, 2 to the south and west, and 1 to the south and east. 

20 to 50 miles.—Nine plaice, or 52°9 per cent., went distances of from 24 to 39 
miles, namely, 5 males (62°5 per cent.) and 4 females (44:4 per cent.). Three of 
the males and 2 of the females were recaptured to the south-east, 2 males and 1 
female to the south and west, and 1 female to the north and west. 

50 to 100 mes.—T wo fish, or 11:8 per cent., were recaptured at distances of 
between 50 and 100 miles, namely, a male, 53:5 miles to the north-west, and a 
female, 51 miles to the north and east. 

Over 100 miles.—Three plaice (17-7 per cent.) went journeys of more than 100 
miles, the average distance bemg 189 miles. A male and a female were got to the 
north and west at, respectively, 121 and 218 miles distant, the latter being described 
as captured in the Moray Firth. The other female went 228 miles to the south and 
west, being taken off Flamborough. 


MATURITY. 


Males.—The condition of the testes was ascertained only in four cases. None 
was “spawning ” or “‘ripe,”’ but 1, measuring 37-39 em., was taken in November 
1913, at a distance of 29 miles to the south and west, and described as “nearly 
ripe.” Another, of 32°5-38°8 cm., was taken at 15 miles distant, to the south- 
west, in July 1914, and was said to be “spent.” All the others were ‘“‘ immature.” 

Females.—The condition of the ovaries was recorded in 6 of the 9 females 
recaptured. None was “spawning” or “ripe.” Two were described as “spent,” 
1, taken in August 1913, 24 miles to the south and east, and the other in October 
1913, 8 miles to the south and west. All the others were ‘‘ immature,” 
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EXPERIMENTS AT GREAT FISHER BANK. 


A number of experiments were made in the region of the Great Fisher Bank, 
extending from April 1910 to June 1912, but most of them referred to very small 
numbers. The particulars are given in the following table :— 


No. of Fish. 
Percentages 
No. of | Recaptured. 
Experi- Date. Marked. | Recaptured. 
ment. | = | x! 
& | @ | (%) |Total.| ¢ | | (#) |Total.] ¢ | ¢ | (2) | Total. 
2%. = — | eas a | = 
Heats April 1910.) 38) + 1) ... Cina baton as i a 2 |33°3|(100-)| ... | 50° 
II, | 15 April, 1910. 7 ieee Awe rte eer aye) | aera lee 10° 
Iil. | 15 April, 1910. Gil cO, fen. Tze 2 ees ie nG | ec ame fewer 8°3 
IV. | 16 June, 1910. |106|156| 25 | 287 | 46} 69) 1 116 |43°4/44°2| 4:0] 40-4 
V. | 17 June, 1910. 6) 5| 5 16 1 1 2) LEO. SO kW 
VI. | 21 June, 1910. 5 6) Sa 12 2 ts) oa 3)) (405) GG)! ap 25° 
VII. | 14 July, 1911. | 50] 43} 9| 102 | 22] 20| 11 48 |44- |465/11-1| 40-4 | 
Wik Into dalys 191d. |) 101) 14) 2a oeeea i's 6 |10° |35-7| ... | 234 
IX. | 13 June, 1912. 38 57 | 3 PS OSB 10 16 /13'2)18°5| ...'| 15*8 
X. | 14 June, 1912. soc Sie Zig 5 | 1 1 sea fSard: |deec 20° 
XI. | 14 June, 1912. 4 flee Domes ae 2 4 |60° |28°6.|. ... 30°8 
XII. | 14 June, 1912. eMac 3 | th se masmalirs eee a 


235 | 304) 49 | 588 | 82 109; 3 | 194 |34:°9|36-2] 6-1] 33-1 


EXPERIMENTS I, II, AND III. 


On April 14 and 15 1910, 26 marked plaice, 16 males and 10 females, were 
liberated to the north-west of the Bank and on the Bank, 4 at one locality, 10 at 
another, and 12 at the third, which was on the Bank; only 4 of the fish, or 15-4 
per cent., were recaptured, 3 males (18°7 per cent.) and 1 female. One of the males 
was taken in July of the same year, 200 miles north-east of Spurn Point (Lat. 
56° 25’ N.; Long. 3° 10’ E.), a distance of 56 miles in the direction S. 33° W., and 
had moved at the mean rate of 5:8 miles per 10 days. The female, which measured 
42-41 cm., was recaptured in June, after 57 days, 47 miles N. 89° W., and had 
moved at the rate of 8:2 miles per 10 days. One of the other males was captured 
in May 1911, 55 miles distant, in the direction S. 9° E., and the mean rate was 
1:4 miles. The remaining male was got in July 1911, 52 miles in the direction of 
S. 62° W., the average rate of movement being 1-1 miles. None of the fish went 
to the northwards. 

These plaice were all trawled in the neighbourhood of the places where they 
were liberated. Two were landed at London and 2 at Hull, and nothing was 
recorded as to the condition of the reproductive organs. 3 


EXPERIMENT Iv. 
16th June 1910. 


In this experiment, 287 plaice, comprising 106 males, 156 femaies, and 25 
whose sexes were not determined, were liberated, to the north-west of the Bank, 
in Lat. 57° 25’ N.; Long. 3° 35’ E., in 34 fathoms. These fish were not taken 
localiv, bat m the northern part of Aberdeen Bay, off Slains Castle and Cruden 
Scaurs, hy the ‘* Goldseeker,”’ in the afternoon of the 15th J une, and were liberated 
hetween 10 and 11 p.m. on the 16th, having been kept in tubs of running water in 
the interval. The males ranged in size from 31:5 to 41 em., and 6 were under 
adult size (33 cm.) on liberation ; the sizes of the females varied from 30 to 52 em., 
and 125 were under adult size (38 cm.) on liberation, 
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The numbers liberatedand recaptured, arranged in 5-cm. groups, are as follows : — 


cm. cm. cm. cm. em. 

25-30°5 31-35°5  36-40°5 41-45°5 51-55°5 Total. 
Eeslab, : é 2 78 72 3 1 156 
F. Recap. - 315) 32 2 — 69 
Meiib: : : — 59 46 1 — 106 
M. Recap. : : _ 25 20 1 — 46 
2: US il a PE il M4 at ee 25 
? Recap. : : — ] — — — | 


The number recaptured was 116, or 40-4 per cent., viz. 46 males (45:4 per cent.), 
69 females (44-2 per cent.), and 1 whose sex was not ascertained. The place of 
capture of 6 of the fish was not ascertained, or was uncertain. One was found at 
Billingsgate, 1 on the pontoon, Grimsby, | at Altona, lat Ymuiden, and 1 at London. 
So far as the port of landing is recorded, 41 of the fish were landed at London, 
31 at Hull, 14 at Hamburg, 7 at Altona, 7 at Grimsby, 6 at Aberdeen, and 1 each 
at Ymuiden, Cuxhaven, and Bremerhaven. 

Of the remaining fish, 44 were of adult size on recapture, averaging 37:8 em., 
and ranging from 33 to 45:6 em., as compared with a mean of 35°8 em., and a 
range of from 31:5 to 41 em., on liberation ; they were at liberty for from 10 to 
1314 days, the mean being 266 days; they moved distances of from 1} to 220 
miles, the average being 38:1 miles, and the mean rate of travel 1-4 miles. Two 
of the recaptured males were under adult size ; they were free for a mean period 
of 17 days, and moved 18 miles and 25 miles respectively. Of the females, 32 
were of adult size on recovery, averaging 41:4 cm., and ranging from 38 to 48-4 em., 
as against a range of from 32 to 41°5 cm., and a mean of 36:7 em. on liberation ; 
they were at liberty for from 6 to 1044 days, the average being 415 days; they 
migrated distances of from 14 to 232 miles, the average being 45:1 miles, and the 
mean rate 1:1 miles. Thirty-sever were under adult size, ranging from 30°5 to 
37-7 em., and averaging 35°1 cm., as compared with a range of from 32°5 to 40 em., 
and an average of 35:3 cm., on liberation ; they were free for from 4 to 495 days, 
the mean being 114 days; they migrated from 14 to 148 miles, the average being 
35:7 miles, and the mean rate of movement was 3°3 miles. 


Tor EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—In the remainder of June, 5 males and 11 females were taken. 
With one exception, they were found at short distances from the station, and the 
exception is more than doubtful. Three of the males and 3 of the females had 
moved to the south and west for from 14 to 15 miles ; 2 of the males were found 
to the south and east, 1 at 6 miles, and the other, along with 1 of the females, at 
21 miles ; 5 of the females went to the north and east, 4 bemg caught on the same 
day, and probably by the same vessel, as they were all landed at London, at a 
distance of 5 miles, and | at a distance of 10 miles. One female, landed at Cux- 
haven, is represented as having been recaptured after 4 days, at a distance of 112 
miles to the westwards, which is obviously a mistake. 

Eleven males and 12 females were recaptured in July, but the place of capture 
of 1 of the males is not recorded. Nine of the other males and 6 of the females 
were taken to the south and east, the males at distances of from 14 to 25 miles, 
and the females at distances of from 11 to 23 miles. One maie and | female were 
found to the north and west, at distances of 12 and 27 miles. Four females were 
taken to the south and west, 3 at distances of from 8 to 15 miles, and 1, after 24 
days, at 113 miles distant, representing a mean rate of travel of 4:7 miles per day ; 
it is probably erroneous. 

One male and 4 females were recaptured in August, the male and 1 female 
to the south and east, at distances of 35 and 31 miles ; the other 3 females to the 
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north and west, 2, taken on the same day, at 10 miles and the third at 25 miles 
distant. 

In this quarter, 44 of the marked plaice, or 37-9 per cent., were recovered, but 
the position of 1 was not ascertained. Of the remaining 43 (37-1 per cent.), 20 were 
found to the south-east, at a mean distance of 19 miles in the mean direction S. 
56° E.; 10 (23-2 per cent.) went an average distance of 18 miles in the mean direc- 
tion 8. 22° W.; 7 (16 per cent.) went 31 miles in the mean direction N. 49° W. ; 
and 6 (13-9 per cent.) went an average distance of 6 miles in the mean direction N. 
23° E. On the migration chart, the majority of the lines are to the eastwards and 
southwards. 

Second Quarter—None was caught in September, but 2 males and 3 females 
were taken in October, 1 of the males 39 miles to the south and west, and the othez 
35 miles to the south and east. Of the females, 1 was taken 15 miles to the north 
and west, and the other 2 at 12 and 19 miles to the north and east. 

Six males and 6 females were recaptured in November. Two of the males were 
found at 15 and 51 miles to the north and east, 2 at 45 and 47 miles to the north 
and west, 1 at 57 miles to the south and east, and | at 220 miles to the south and 
east, at Borkum Riff (about Lat. 54° N.; Long. 6° E.), the mean rate of movement 
being 13:7 miles per 10 days ; this fish measured 37-37 cm., and was landed at Altona 
by a German trawler. The place of recapture of 1 of the females was not ascer- 
tained ; of the others, 2 had travelled distances of 17 and 42 miles to the north 
and west, and 2 were taken by a German trawler 39 miles N.-W. 3} W. of Hanst- 
holm, in the mouth of the Skagerak, Denmark, at 142 miles distant to the south and 
east. The remaining female is stated to have been taken at a distance of 225 
miles to the north and east (Lat. 60° 20’ N.; Long. 3°10’ E.), the mean rate of move- 
ment representing 13:7 miles per 10 days; this fish was captured by a German 
trawler and landed at Hamburg. 

In this quarter, therefore, 17 fish, or 14°6 per cent., were recaptured, but the 
position of 1 was not recorded. Of the others (13:8 per cent.), 5 were taken to the 
north and east, at an average distance of 64 miles ; 5 to the north-west, at a mean 
distance of 33 miles ; and 5 to the south-east, at an average distance of 119 miles ; 
while 1 was found to the south and west. 

Third Quarter—A male and a female were recovered in December 1910, at 
distances of 40 and 43 miles to the north aad east. 

A male was got in January 1911, 37 miles to the north and east, and a female 
in February, 88 miles to the north and west. 

Thus, in the third quarter, only 4 of the marked plaice, or 3:4 per cent., were 
recaptured, 3 to the north and east, and 1 to the north and west. 

Fourth Quarter —None was taken in March, but in April a male and 3 females 
were caught, 1 female 21 miles to tne south and east, another 14 miles to the north 
and east, and the third 14 miles to the north and west ; the male was taken 45 miles 
EK. 28. of Aberdeen, at a distance of 137 miles to the westward, and landed at 
Aberdeen. 

In May, 8 males,14 females, and | of unknown sex were recaptured ; the position 
of capture of | of the males was not ascertained ; 3 were found to the north and 
east, at distances of 10, 11, and 13 miles; 1 at 36 miles to the north and west ; 
another 12 miles to the south and east ; and 2 at 5 and 16 miles to the south and 
west. Of the females, 3 were found to the north and east, at distances of 5, 10, and 
41 miles respectively ; 8 were recaptured to the north and west, at distances of 2, 
11, 15, 17, 19, 34, 47, and 52 miles ; 1 was got 18 miles to the south and east, and 2 
to the south and west, 1 at 13 miles and the other at 130 miles distant, to the east 
of Hartlepool. 

In the fourth quarter, 27, or 23-3 per cent., of the marked plaice were recaptured, 
but the position of capture of 2 was not recorded. Of the remaining 25 (21:5 per 
cent.), 1! (44 per cent.) were found at an average distance of 35 miles in the mean 
direction N. 55° W. ; 7 (28 per cent.) at an average distance of 15 miles in the mean 
direction N. 22° E.; 4 (16 per cent.) at an average distance of 41 miles 8. 46° W. ; 
and 3 (12 per cent.) to the south and east. 

Thus, in the 12 months, 92, or 79:3 per cent., were recaptured, the positions 
of 4 not being ascertained. Of the remaining 88 (75°9 per cent.), 28 (31°8 per cent.) 
were taken to the south and east ; 24 (27-3 per cent.) to the north and west ; 21 
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(23:9 per cent.) to the north and east, and 15 (17 per cent.) to the south and west. 
These particulars are summarised in the following table :— 


Per eerace Average Range. 
ane No. of} Cent. Mean - © | Rate per 
Quarter. Dircevian: Fish. {| of | Direction. nay 10 Days 
Total. ©). | (miles). |Distance.| Rate. 
T. June 1910. | N. and E 6 13°9\ | N. 23° E: 6° 63 5-10 = |3°15-16°6 
July 1910. | N. and W a 16°3 | N. 49° W. 31° 49°8 | 10-112 |1°85-280 
Aug. 1910. |S. and E 20 46°5 | 8S. 56° E LS: 10°15 6-85 |5°45-21 
S. and W 10 23'2) |S. 22° W 18° 91 {15-113 |1:25-47-1 
43 37:1 
II. Sept. 1910. | N. and E. 5) 31°25] N. 41° E. 64° 4] 12-225 9-13°7 
Oct. 1910. | N. and W. 5) 31:25) N. 50° W. 33° 2-2 | 15-47 |1:1-3-2 
Nov. 1910. |S. and K. +9) 31:25) S. 66° E. 119° 78 | 35-220 |3:0-13'°8 
S. and W. 1 6:25) S. 38° W. 39° 2°9 sa Ms 
16 13°8 
III. Dec. 1910. | N. and E. 3 75 Ne 73958. 40° 2:2 | 387-43 |1°7-2°5 
Jan. 1911. | N. and W. 1 25 N. 20° W. 88° 3°6 cf 
Feb. 1911. |S. and E. Nil. 
S. and W. Nil. 
4 3°4 
IV. Mar. 1911. | N. and E. 7 2835, | N22 Ee 15: “4 5-41 “1-1°2 
April 1911. | N. and W.| 11 44° N. 55° W. 35° 11 2-137 | 1-46 
May 1911. |S. and EK. 3 12: S. 38° E. 17° *5 | 12-21 35-7 
S. and W. 4 16: | S. 46° W. 41: 1:2 5-130 | ‘1-3°8 
25 21°5 
Summary. N.and EB. } 21 23°9 
N. and W.| 24 27°3 
S. and E. 28 31°8 
S. and W. 15 17:0 
88 759 


Of the other fish, 9 were recaptured in the remainder of 1911, 11 in 1912, 2 in 
1913, and 1 in 1914. 

In July 1911, a male was taken 47 miles to the north and west. Ia August, 
a male was got 36 miles to the north and west, and 2 females at 47 and 91 miles 
respectively to the south and east. Two females were found in October, 1, 75 miles 
to the south and west, and the other 148 miles to the south, about Lat. 55° N.; 
Long. 5° E. In November, a male was taken 91 miles to the south and east, and a 
female 12 miles to the north and west. In December, a male was found 66 miles 
to the north and west. 

In May 1912, 1 male and 4 females were taken, the male 19 miles to the north 
and west, 1 of the females 39 miles to the south and east, another 38 miles to the 
south and west, the third, 45 miles to the north and east ; the remaining female 
was captured on the north coast of Scotland, 4 miles N.W./W. 3 W. of Dunnet 
Head, at a distance of 230 miles. In Juae, a male was captured 29 miles to the 
north-east, and a female at a distance of 21 miles in the same direction. Two 
males and 2 females were recovered in October, | of the males 11 miles to the south 
and east, and the other 69 miles to the south and west ; 1 of the females was taken 
68 miles to the south and west; and the other 45 miles to the north and west. 

In January 1913, a female was recaptured 45 miles to the south and east, and 
in April, another female, after 1044 days, at a position not ascertained. 

The last fish of the experiment to be recaptured was a male, which was taken 
in January 1914, after 1314 days, 156 miles to the north and west, namely, 30 miles 
8.E./E. of Aberdeen. 


Aggregate | Average 

No. of is ; Mean 

Quadrant. Sex. 5 Distance Distance ee 
Fish (miles). (miles). Direction. 


N. and E. Adult Males. 8 209 26 N.47° Bs 
Adult Females. 8 371 46 N. 24° E. 
Immature Females. 8 97 12 N. 39° E. 
re 24 677 28 N. 37° E, 
‘N.andW. | Adult Males. 10 601 60 | N.35°W. 
Adult Females. 13 482 37 N. 54° W. 
Immature Females. 9 384 43 N. 49° W. 
my 32 | 1467 46 N. 47° W. 
Parnas): Adult Males 16 606 38 8. 51°. 
Immature Males. 2 43 2) Saou 
Adult Females. 4 299, 55 5:30, H: 
Immature Females. ll 460 42 8. 57° E! 
? Sex. 1 18 18 S. 40° E. 
ei a 34 1349 39 $.52°E. 
‘SandW. | Adult Males. 7 147 21 S. 41° W. 
Adult Females. 6 324 54 §..34° W. 
Immature Females. 6 162 27 8S. 27° W 
me art 19 633 33 | $.34°W. 
te! Ss ei ee Females. 1 148 148 Haig 
SUMMARY. 
N. and 24 677 28 ING Siicuk 
N. and W 32 1467 46 N. 47° W. 
S. and 34 1349 39 82522 E: 
S. and W 19 633 33 S. 34° W. 
il 148 148 S. 
110 


Distances travelled.—10 miles and under.—Nineteen fish, or 17-3 per cent., were 
recovered at distances of from 1} to 10 miles, 5 males (11:6 per cent.), with an 
average of 4°8 miles, and 14 females (21-2 per cent.), with a mean of 6 miles. Three 
of the males and 3 of the females were taken to the south and west, 1 of the males 
and 8 of the females to the north and east, 1 of the males to the south and east, 
and 3 of the females to the north and west. 

10 to 20 miles.—Thirty-four fish, or 30°9 per cent., were recaptured at distances 
of from 11 to 19 miles, 15 males (34:9 per cent.), with an average of 14-6 miles, 
18 females (27-3 per cent.), with an average of 14:3 miles, and 1 of unknown sex. 
Nine of the males and 3 of the females were found to the south and east, 3 of the 
males and 3 of the females to the north and east, 2 males and 8 females to the 
north and west, and | male and 4 females to the south and west. 

Thus, 53 fish, or 48:2 per cent., were taken under 20 miles from the station, 
20 males (46-5 per cent.), with an average of 12-2 miles, 32 females*(48°5 per cent.), 
with an average of 10°6 miles, and 1 of unknown sex. 

20 to 50 mules.—Thirty-six fish, or 32°7 per cent., were recovered at distances of 
from 20 to 47 miles, 15 males (34-9 per cent.), with an average of 34-3 miles, and 21 
females (31-8 per cent.), with a mean of 33 miles. Six of the males and 9 of the 
females were found to the south and east, 5 of the males and 7 of the females to the 
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north and west, 3 males and 4 females to the north and east, 1 male and 1 female — 
to the south and west. 

50 to 100 miles.—Ten fish, or 9:1 per cent., were got at distances of from 51 to 
91 miles, 5 males (11:6 per cent.), with an average of 66°8 miles, and 5 females (7-6 
per cent.), with an average of 74:8 miles. Two of the males and 1 of the females 
were caught to the south and east, 1 of the males te the north and east, 1 male 
and 2 females to the south and west, and 1 male and 2 females to the north and 
west. 

Over 100 miles.—Hleven fish, or 10 per cent., were recovered at distances of 
from 112 to 232 miles, 3 males (6:9 per cent.), with an average of 171 miles, and 8 
females (12-1 per cent.), with a mean of 155°5 miles. One of the males and 2 of the 
females went to the south and east, 2 males and 2 females to the north and west, 
2 females to the south and west, | to the north and east, and | to the south. 


MaTuRITY. 


Males.—As previously stated, most of these fish were taken by English or by 
foreign trawlers, only the records coming into my possession. Thus, the condition 
of tne testes was ascertained in only 8 of the 46 males recaptured. 

Five were described as “‘ ripe,” 1 taken in December 1910, 43 miles to the aorth 
and east, 1 in April, 1911, 137 miles to the north and west, 1 in October 1912, 11 
miles to the south and east, 1 also in October 1912, 69 miles to the south and west 
and 1 in January 1914, after 1314 days, 156 miles to the north and west. 

A male taken in October 1910, 35 miles to the south and east, was described 
as “maturing,” and | captured in May 1911, 36 miles to the north and west, was 
said to be “‘ spent.” 

Females.—The condition of the ovaries was recorded for 13 of the 69 females 
recovered, 

One was “ripe”; it, was taken on the ground 13 miles to the south and west, 
in June 1911. 

Among the females under adult size, 1, measuring 33°5-37 em., caught in May 
1911, 52 miles to the north and west, was described as “ ripe.” 


EXPERIMENT VII. 
14th July 1911. 


In this experiment, which was made north-west of the Bank, at 57° 25’ N.; 
3° 35’ E., 102 plaice were marked and liberated, viz. 50 males, 43 females and 9 
whose sexes were not determined. The males measured from 29 to 42°5 em., and 
23 were under adult size when liberated ; the females varied from 28 to 44 em., and 
33 were under adult size on liberation. {mele 

The numbers liberated and recaptured, arranged in 5-cm. groups, are as 
follows :— 


cm. cm. cm. cm. em. 
25-30°5 31-35°5 3640-5 41-45°5 46-50°5 Total. 
F. Lib. 8 20 13 2 _ 43 
F. Recap. 4 if 7 2 — 20 
M. Lib. 11 24 14 1 50 
M. Recap. 2 10 9 1 — 22 
? Lib. 1 7 as - 1 2 
? Recap. — 1 — — — 1 
The fish used in this experiment were trawled by the “ Goldseeker”’ in the 


Firth of Forth, mostly at Station VI., off St. Monans, and in part at Station IL, 
viz. Kirkcaldy Bay. They were caught on the 13th July, between 10 a.m. and 
4 p.m., and hberated at midnight on the 14th. 

Three marked plaice were captured by the ‘“‘ Goldseeker ” at Station VI., and 
taken to put away again at the Fisher Bank, but they died en route, in addition to 
other 6 which had been marked, and 36 which were in the tubs unmarked. 

The number recaptured was 43, or 42-1 per cent., viz. 22 males (44 per cent.), 
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20 females (46°5 per cent.),and 1 of unknown sex (11:1 per cent.). Nineteen of the 
males were of adult size on recapture, ranging from 33 to 45°5 cm., and averaging 
38°9 cm., as compared with a range of from 30 to 42°5 cm., and a mean of 35:8 cm., 
on liberation ; they were free for periods of from 45 to 1117 days, the mean being 
384 days; they migrated distances of from 9 to 96 miles, the mean being 34:5 
miles, and the average rate of movement, ‘85 mile. Three were under the adult 
size, averaging 31°8 cm., as compared with 31:7 cm. on liberation; they were at 
liberty for an average period of 135 days, and travelled from 15 to 54 miles, the 
mean being 37 miles, and the average rate 2.7 miles. Sixteen of the females were 
of adult size on recapture, averaging 42°8 cm., and ranging from 38:7 to 47°5 cm., 
as compared with a mean of 36-1 cm., and a range of from 28 to 44 cm. on liberation ; 
they were at liberty for from 291 to 923 days, the mean being 661 days; they 
travelled from 17 to 217 miles, the average being 73°9 miles, and the mean rate, 1-1 
miles. Four were under adult size, averging 31 cm., as against 31.4 cm. on libera- 
tion ; they were free for a mean period of 109 days, and moved from 27 to 205 miles, 
the average being 79°5 miles, and the mean rate 7°3 miles. So far as the port of 
landing is recorded, 11 were landed at Aberdeen, 6 each at London and Grimsby, 5 
each at Hull and Hamburg, 4 at Cuxhaven, 2 at Altona, 2 at North Shields, and | at 
Ymuiden. 

THE EXxTent AND DIRECTION oF MIGRATION. 


First Quarter.—Three males were recaptured in August, all to the south and 
east, at distances of 27, 37, and 54 miles respectively. 

In September, 2 males were taken, also to the south and east, at 11 and 15 miles. 
These were the only marked plaice caught in this quarter (11-6 per cent.), all to the 
south and east. 

Second Quarter.—Three males, 2 females, and 1 of unknown sex were taken in 
October, the 2 females, 1 of the males, and the fish whose sex was not determined 
to the south and east, the male at 29 miles, and the female at 27 and 36 miles. The 
fish of unknown sex was taken 25 miles W./N. ? N. of Hanstholm, Denmark, at the 
mouth of the Skagerak, the apparent rate of movement being 17:25 miles per 10 
days. A male was caught 12 miles to the south and west, and another 34 miles 
to the north and west. 

Four males and 2 females were taken in November, but the position of capture 
of 1 of the males was not recorded. The females and 1 male were taken to the 
south and east, the male at a distance of 59 miles, and 1 of the females at 50 miles ; 
the other female was found 20 miles west of List, in the northern part of the island 
of Sylt, Germany (54° 56’ N.; 7° 49’ E.), at a distance of 205 miles, the mean rate of 
movement having been 17°5 miles; a male was recaptured 19 miles to the north 
and east, and another 19 miles to the north and west. 

None was taken in December, so that the total recovered in the second quarter 
was 12, or 27-9 per cent., but the position of 1 was unknown. Of the remaining 
11 (25°6 per cent.), 7 (63°6 per cent.) were got to the south and east, at an average 
distance of 78 miles in the mean direction 8. 37° E.; 2 (18:2 per cent.) were found 
to the north and west, and 1 each to the north and east, and south and west. 

Third Quarter.—No plaice were recaptured during this period. 

Fourth Quarter —In April 1912, a female was taken 136 miles to the south and 
east, off Jutland Bank, and in May 2 males, 1, 42 miles to the south and east, and 
the other at an unknown locality. 

Two females were recovered in June, both to the north and west, 1 at 17 miles 
and the other at 25 miles. 

Five were found in this quarter, or 11:6 per cent., but the position of 1 was 
unknown ; 2 were taken to the north and west, and 2 to the south and east. 

In the 12 months immediately following the liberation of the fish, 22, or 51-2 
per cent., were recaptured, the positions of 2 being unknown: of the remainder 
(465 per cent.), 14 (70 per cent.) were got to the south and east, 4 to the north and 
west, and 1 each to the north and east, and south and west. 

Of the others, 5 were taken in the remainder of 1912, 11 in 1913. and 5 in 1914. 

In July 1912, a male was taken 17 miles to the north and west. In October. 


a male was caught 20 miles to the north and west, and a female 217 miles in the 


same direction, 30 miles north-east of Sumburgh Head, Shetland. In November, a 
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male was taken 96 miles to the north and west, and a female 45 miles, also to the 
“north and west. 

In January 1913, a female had gone 80 miles to the north and west, and in March 
another female was taken, but the place of recapture was unrecorded. The next 
recapture was a female in May 1913, 29 miles to the_south and east. In July, a 
female was captured, 77 miles H.N.E. 3 N. of Rattray Head, 131 miles to the north 
and west. Two females were recovered in September, 1, 19 miles to the south and 
west, and 1, 36 miles to the south and east. In October, a male was taken 39 miles 
to the south and east, and in November, another male 52 miles to the north and 
west. In December, a male and two females were found, all to the north and west, 
the male at a distance of 70 miles, and 2 females at 60 miles. : 

In January 1914, 3 females were taken, 2 at 80 and 99 miles to the north and 
west, and 1, 74 miles to the south and east. In May, a male was found 36 miles 
to the north and west, and in August, after 1117 days, another male, which 
measured 34°5-44-2 cm., at a distance of only 9 miles to the north and west. 

Distances travelled—10 miles and undev.—Only 1 fish, or 2°5 per cent., was taken 
under 10 miles, viz. a female, at 9 miles to the north and west. 

10 to 20 miles.—Hight, or 20 per cent., were found at distances of from 11 to 19 
miles, 6 males (30 per cent.), with an average of 15-5 miles, and 2 females (10°5 per 
cent.), with a mean of 18 miles. Two of the males were taken to the south and east, 
2 males and 1 female to the north and west, | male and 1 female to the south and 
west, and 1 male to the north and east. 

Nine fish, or 22°5 per cent., were thus recaptured at distances under 20 miles. 

20 to 50 miles.—Fourteen fish, or 35 per cent., were got at distances of from 20 
to 45 miles, 8 males (40 per cent.), with an average of 33 miles, 6 females (31°6 per 
cent.), also with an average of 33 miles. Three of the males and 2 of the females 
were taken to the north and west, and 5 males and 4 females to the south and east. 

50 to 100 miles.—Twelve fish, or 30 per cent., were found at distances of from 
50 to 99 miles, viz. 5 males (25 per cent.), with a mean of 66 miles, and 7 females 
(36-8 per cent.), with a mean of 71'8 miles. Three of the males and 5 females went 
to the north and west, and all the other fish to the south and east. 

Over 100 miles.—No males were found over 100 miles away, but 4 females (21 
per cent.) went distances of from 131 to 217 miles, the average being 172-25 miles ; 
2 were got to the south and east, and 2 to the north and west ; 1 of unknown sex 
was recovered 138 miles to the south and east. 


MATURITY. 


Males.—The condition of the testes was recorded for only 6 of the 22 recaptured. 

One was “ spawning ” (“‘ nearly spent”) ; it was taken in May 1914, after 1043 
days, 36 miles to the north and west, and measured 30-41°3 em. 

Three were described as “nearly ripe,” all taken to the north and west, 1 in 
November 1911, at a distance of 19 miles; another in November 1913, at 52 miles, 
and the third in December 1913, at a distance of 70 miles ; these fish were all above 
adult size when liberated. 

One, taken in October 1912, 20 miles to the north and west, was said to be 
“three-quarters ripe.” 

Females.—Of the 20 recaptured, the condition of the ovaries was recorded in 7. 

One was “spawning”; it measured 33°5-44°5 cm., and was taken in January 
1914, 99 miles to the north and west. 

Two were described as “ripening,” 1 found in January 1913, 80 miles to the 
north and west, the other in January 1914, also 80 miles to the north and west. 

One was said to be ‘‘ spent ” ; it was caught in June 1912, 25 miles to the north 
and west. Another, also taken in June 1912, 17 miles to the north and west, was 
described as “‘ apparently spent.” 


OTHER EXPERIMENTS. 


Some other experiments were made in this region. 

On 15th July 1911, 26 plaice, which had been caught in the vicinity, were 
marked and liberated at the same position as on the 14th, viz. 10 males, 14 femaies, 
and 2 whose sex was not ascertained. The males ranged in size from 31 to 51-5 
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em., and 1 only was undex adult size on liberation ; the size of the females was 
from 32 to 59 cm., and 2 were under adult size. The number recaptured was 6 
or 23°1 per cent., | male and 5 females. The male was recaptured in March 1912, 
94 miles to the south and west. One of the females was taken in October 1912, 
12 miles to the south and west, and another, also ia October, 37 miles to the south 
and east; the third was found in November 1911, 110 miles to the south and 
west ; the fourth, in January 1912, 217 miles to the south and west, 159 miles 
EK. 45. of Spurn Head ; and the last. at a distance of 220 miles to the south and 
east. 

On 17th June 1910, 17 plaice, captured in the vicinity, were marked and 
liberated at the position 57° 20’N.; 3° 39’ K., viz. 6 males, 6 females, and 5 whose 
sexes were not ascertained. Only 2 were recaptured, a ‘male in May 1911, 10 
miles to the south and west, and 1 of unknown sex in August 1910, 11 miles to 
the north and west. 

On the day following, 6 fish, 2 males and 4 females, were liberated at 57° 1’ N. ; 
3° 52’ K., and on the 20th, 4 eee 3 males anda Snnelle. at 56° 58’ N.; 4° 15’ E.., v 
but no fish from either of these 2 experiments was recaptured. 

On 21st June 1910, 12 plaice, caught in the iocality, were marked and set free 
at the position 56° 37’ N.; 3° 42’ K., °5 males, 6 females, and 1 of unknown sex. 
Three were recaptured, o male in July 1910, 45 miles to the north and west, 
another male in February 1911, 86 miles to the south and west, and a female in 
October 1910, 34 miles to the south and east. 

On 13th June 1912, 98 maiked plaice were liberated at the position 57° 12’ N.; 
4° K., viz. 38 males, 57 females, and 3 whose sexes were not ascertained. The 
fish used were taken by the “ Goldseeker ” on the 11th June, in Kirkealdy Bay, 
were marked on the 12th, and liberated on the 13th; 6 fish died in the tanks in 
the interval. The males ranged in size from 27 to 42 cm., and 23 were under 
adult size; the females ranged from 27-5 to 48°5 cm., and 43 were under adult 
size, 

The numbers liberated and recaptured, arranged in 5-cm. groups, were as 
follows :— 


> 


cm. cm. cm. cm. cm. 


25-30°5 31-355 = 36-40°5— 41-45°5  46-50-5 Total. 
Fo Lib. . é 16 22 11 6 2 57 
F. Recap. : é 2 6 I 1 — 10 
Mt. Lib... ; : 17 14 5 2 — 38 
M. Recap. : ‘ 2 2 1 — — 5 
i 1 2 = nd 3 


? Recap. ; : == aaa aa = = — 


Only 15, or 15°8 per cent., were recaptured, 5 males (13:2 per cent.) and 10 
females (18°5 per cert.). All the males were of adult size on recapture, ranging 
from 36-9 to 43-5 em., and averaging 40:2 cm., as compared with a 1ange of from 
28°5 to 41 cm., and an average of 33°6 cm. on liberation ; they were at liberty 
for the average period of 672 days, and migrated from 36. to 86 mules, the mean 
being 50°5 miles, and the mean rate ol movement °75 mile. Six of the females 
were of adult size, ranging from 38-6 to 48 cm., and averaging 43:2 cm., as com- 
pared with a range of from 33:5 to 45°5 cm., and an avera ge of 37-2 em. on libera- 
tion ; they were at liberty for from 116 to 1293 days, the mean being 588 days ; 
they, migrated distances of from 62 to 179 miles, the average being 108-4 miles, 
and the mean rate 1-8 miles Four were under adult size, averaging 32°5 cm., 
as compared with an average of 30°5 cm. on liberation ; they were at liberty for 
the mean period of 268 days, and travelled distances of from 2 to 247 miles, the 
mean being 77:5 miles, and the average rate of movement 2:9 miles. 


THE ExTENT AND DIRECTION OF MIGRATION. 


The first fish to be caught were taken in October 1912, viz. 2 females, one 27 
miles to the south and east, and the other 72 miles to the south and west, 
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The next was a female captured in March 1913, only 2 miles to the south and 
west. In May, a female was said to have been taken in the Firth of Forth, + mile 
off Portobello, on the south shore, having migrated a distance of 247 miles to the 
westwards, in 322 days, or at the mean rate of 7:7 miles per 10 days ; this fish was 
sent from a firm at Leith, with an intimation that it was caught ina crab-net at the 
above locality. In June, a female was recovered 34 miles to the south and west. 
In August, a male 36 miles to the south and east ; and in September, 2 females, one 
62 miles to the south and west, and one 94 miles to the north and west. In 
December, a female was taken 18 miles north of Hanstholm Light, 145 miles to the 
south and east. 

In January 1914, a male had gone 86 miles to the south and east. In April, a 
female was recaptured 97 miles to the south and east, in July a male 32 miles to the 
south and east, in August 2 males to the north and west, at 48 and 50 miles. 

No other fish from this experiment was recaptured until December, 1915, when 
a female was found, after 1293 days, on the Sylt Ground, 179 miles to the south and 
east. 

Distances travelled—10 miles and under.—One fish, a female, was caught 2 miles 
to the south and west, after 263 days. 

None was recaptured between 10 and 20 miles. 

20 to 50 miles.—Five, or 33:3 per cent., were taken at distances of from 27 to 48 
miles, 3 males (60 per cent.), with an average of 39 miles, and 2 females (20 per cent.}, 
with a mean of 30:5 miles. Two of the males and | of the females were taken to 
the south and east, 1 male to the north and west, and | female to the south and 
west. 

50 to 100 miles.—Six, or 40 per cent., were recaptured at distances of from 50 to 
97 miles, 2 males, with an average of 68-25 miles, and 4 females (40 per cent.) with 
an average of 81:6 miles. One male and | female went to the south and east, | 
male and 1 female to the north and west, and 2 females to the south and west. 

Over 100 miles.—Three fish, or 20 per cent., were recaptured at distances of from 
145 to 247 miles; they were all females (30 per cent.), and 2 were taken to the 
south and east, 1 off Hanstholm Light, and another on the Svlt Ground ; the third 
is described as having been found in the Firth of Forth, 247 miles to the westwards. 


Maturity. 


As the condition of the reproductive organs was not recorded in the fish landed 
at foreign, or at most English, ports, little can be said on this subject. The female 
recorded as having been captured in the Firth of Forth measured 28-31-2 em., and 
was, of course, ““immature.” <A female, taken 1 in September 1913, 62 mules to the 
south and west, was described as “‘ mature’; it measured 45°5-48 em.; a male, 
taken in August 1913, 36 miles to the south and east, was “about half Be 

The remaiaing experiments in the region of the Great Fisher Bank were as 
follows :— 

On 14th June 1912, 3 females and 2 of unknown sex, caught locally, were marked 
and liberated at 57° 16’ N.; 4° 8’ E., and 1 female was recaptured on the 9th July 
following, 44 miles to the westwards. 

On the same day, 13, also taken locally, were liberated at 57° 19’N.; 4° H., com- 
prising 4 males, 7 females, and 2 of unknown sex. Four, or 30°8 per cent., were 
recaptured, 2 males and 2 females. One of the males was found in September 1913, 
34 miles to the south and east, and the other in July 1912, 7 miles to the north and 
east. One of the females was got in July 1912, 7 miles to the north and east, and 
the other in November 1913, after 506 days, 17 miles to the south and east. 

Three females, caught in the viemity, were marked and set free also on the i 
June, at 57° 15’ N.; 3° 52’ E., but none was recaptured. 


EXPERIMENT AT 22 Mines 8.S.E. rrom CRUDEN SCAURS. 


8th March 1912. 


One experment was made at this locality, which lies 22 miles 8.8.E. of Cruden 
Scaurs, or 25 miles 8, 10° K. of Buchanness (Lat. 57° 6’ N.; Long. 12° 5’ W.), with a 
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depth of 43 fathoms. It was intended to liberate these fish at Aberdeen Bank, 
but, owing to a strong south-easterly gale, they had to be set free at this position, 
wihch lies 14 miles N. 24° W. of the station on Aberdeen Bank. 

The number liberated was 100, consisting of 20 males and 80 females. The males 
ranged in size from 33 to 36°5 em., and all were of adult size when liberated. The 
females ranged from 32 to 47 em., and 60 were under the adult size when liberated. 

The numbers liberated and recaptured, arranged in 5-cm. groups, are as 


follows :— 
em. cm. cm. cm. 


31-35°5 36-40:°5 41-45°5 46-50°5 Total. 
F. Lib. . ; : 54 12 11 3 80 
me Recap. . , 34 8 6 3 51 
M. Lib. E 19 1 -- 20 
M. Recap. . : 15 — — — 15 


The fish were trawled by the ‘‘ Goldseeker ” in Aberdeen Bay on the 8th March 
1912, and marked between 1.30 and 3.25 p.m. They were liberated later on the 
same day. 

Sixty-six, or 66 per cent., were recaptured, namely, 15 males (75 per cent.) and 
51 females (63°7 per cent.). All the males were of adult size on recapture, averaging 
391 em., and ranging from 34:8 to 49 cm., as compared with an average of 34:1 em., 
and a range of from 33:5 to 35 cm. on liberation ; their periods of freedom varied 
from 2 to 849 days, the mean being 331 days; they migrated distances of from 
12 to 201 miles, the mean being 90 miles and the mean rate of movement 2°7 miles. 
Thirty-nine of the females were of adult size when recaptured, ranging from 
38°1 to 52°8 cm., and averaging 43°1 cm., as compared with a range of from 32 to 
46:5 em., and an average of 37 cm. on liberation ; they were at liberty for from 6 to 
1001 days, the mean being 395 days ; they moved distances of from 7 to 176 miles, 
the average being 51-4 miles, at a mean rate of 1:3 miles. Twelve were under adult 
size, averaging 35:4 cm., and ranging from 33:4 to 37-6 cm., as compared with a 
range of from 32°5 to 35 cm., and a mean of 33:6 em. on liberation ; they were free 
for from 21 to 336 days, the average being 126 days, and they travelled distances of 
from 5 to &7 miles, the mean being 28°25 miles, and the average rate, per 10 days, 
2-2 miles. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter—In March, 1 male and 4 females were taken, the male at a 
distance of 12 miles to the south and west, and 1 of the females 11 miles in the 
same direction ; 2 of the females were got to the north and west, at Cruden Bay, 
distances of 19 and 22 miles respectively ; the third female was recaptured off 
Buchanness, at a distance of 22 miles. 

In April, 1 male and 6 females were taken, all but 1 of the females at Cruden 
Bay, where they were originally taken by the “ Goldseeker,” at distances of 22 
and 23 miles to the north and west; the exceptional female was taken farther 
south, at a distance of 12 miles to the north and west. 

In May, a female was caught 56 miles to the south and west, about 16 miles 
east of the Isle of May. 

Thus, in the first quarter, 13 of the marked plaice, or 19°7 per cent., were 
recaptured, 9 (69:2 per cent.) at an average distance of 21 miles in the mean direction 
N. 23° W., 3 (23-1 per cent.) at an average distance of 26 miles in the mean direc- 
tion 8. 38° W., and 1 to the north and east. 

N.B.—See Chart. 

Second Quarter.—In June, 3 females were taken, one 5 miles to the south and 
east, and the other 2 off Buchanness, at distances of 19 and 23 miles to the north 
and east. 

In July, 2 females were caught, one 34 miles to the south and west, east of the 
Bell Rock, and one 50 miles N. } W. from Hoy Head (Lat.59° 46’ N.; Long. 3° 40’ W.), 
ata distance of 176 miles to the north and west. 

None was got in August, so that, in this quarter, 5 fish, or 7°6 per cent., were 
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recaptured, 2 to the north and east, and 1 each to the north and west, south and 
east, and south and west. 

Third Quarter—In September, a male was taken 29 miles to the south and 
west. 

In October, 3 females were recaptured, 2 of them 21 miles to the north and 
west, near the coast south of Cruden Bay, and 3 east of the Bell Rock, at a distance 
of 43 miles to the south and west. 

Three females were taken in November, 2 to the south and west, at distances 
of 10 and 25 miles, and 1 at Cruden Bay, at a distance of 22 miles to the north 
and west. 

In this quarter, 7 fish, or 10°6 per cent. were recovered, 4 (57:1 per cent.) 
to the south and west, and 3 (42°8 per cent.) to the north and west. 

Fourth Quarter—Two were found in December, 1, a female, near Aberdeen, at 
a distance of 18 miles to the north and west, the other, a male, off Banff, Moray 
Firth, at a distance of 62 miles to the north and west. 

In January 1913, 3 females and 1 male were recaptured. One of the females 
was taken off Buchanness, at a distance of 21 miles to the north and east ; the male 
and the other 2 females were recaptured in the Moray Firth, off Banff, at distances 
of 61 and 62 miles. 

In February, 3 males and 4 females were got, the 3 males and 2 of the females 
to the north-west, 1 female to the north, and the other to the south and east ; the 
last had moved only 6 miles; the female which went to the north had migrated 
20 miles, and was taken off Buchanness ; of the others, 4 were taken in the Moray 
Firth, 2 females at distances of 74 and 87 miles, and 2 males at 95 and 104 miles ; 
the remaining male was found 6 or 7 miles south-west from Rackwick Bay, Orkneys, 
at a distance of 129 miles. 

In this quarter, 13 fish, or 19-7 per cent., were recaptured, of which 10 were 
taken to the north and west, 1 each to the north and east, the north, and the south 
and east. 

In the 12 monthsimmediately following the liberation, 38 fish, or 57-6 per cent.. 
were recovered, 23, or 60°5 per cent., to the north and west, 8, or 21:1 per cent., 
to the south and west, 4, or 10°5 per cent., to the north-east, 2 to the south and 
east, and 1 to the north. These particulars are summarised in the following 
table :— 


[Tauig. 


Per Average Range. 
Average = 8 
Sti Fhe No. of} Cent. Mean -4.—|Rate per 
aarict Dircaltoat Fish. | of | Direction. Sree 10 Days 
Total as (miles.) |Distance.| Rate. 
I. Mar. 1912. | N. and E. 1 it, \ENS 9422: 22" 13 rics Ate 
April 1912. | N. and W. 9 69:2 | N. 23° W. 21° 63 12-23 | -8-10°5 
May 1912. |S. and E. Nil. 
S. and W. 3 23:1 | S. 38° W. 26° 28°4 11-56 | 7-60: 
13 19-7 
IT. June 1912. | N. and E. 2 40 N. 14° E 21 2°05 19-23 | 1°7-2:4 
July 1912. | N. and W. 1 20-4 IN '62W. | 176; 14°8 or ar 
Aug. 1912. |S. and E. 1 20 S. 6° 5 5) 
S. and W. 1 20 S: 34° W 34 2 
5 76 
TIL. Sept. 1912. | N. and E. Nil. 
Oct. 1912. | N. and W. 3 42°8 | N. 33° W. ike ‘9 21-22 8-9 
Nov. 1912. |S. and E. Nil. 
S. and W. 4 571i | S. 45° W. 27 1:2 10-43 4-19 
7 10°6 
IV. Dec. 1912. | N. and E. i Ths | Ne ASe Es. Die 7 Ss we 
Jan. 1913. | N. and W.| 10 (HRS Wats “We 75: 23 18-129] -6-3°6 
Feb. 1913. |S. and E. 1 Ti Wiwsalseon. 6: yy a » 
S. and W. Nil. 
N. ] all N. 20° 6 
13 19:7 
SUMMARY, N. and E. 4 10°5 a 
N. and W.| 23 60°5 
S. and E. 2 5x8} 
S. and W. 8 PALS 
N. 1 26 
38 57.6 


Of the remaining fish, 18 were recaptured in 1913 and 9 in 1914. 

In March 1913, 3 males and 3 females were taken, all the males in the Moray 
Firth, 2 off Banff, at a distance of 61 miles, and 1 off the Ord of Caithness, at 
91 miles. Two of the females were also found in the Moray Firth, off Tarbet 
Ness, at distances of 89 and 99 miles; the third female was recaptured 14 miles 
E.S.E. of Auskerry, at 116 miles distant to the north and east. 

In April, 3 males and 2 females were recovered, but the position of 1 female, 
which was taken by a Dutch trawler and landed at Ymuiden, was not ascertained ; 
probably it was captured in the Moray Firth ; the 3.males were taken to the north 
and west, 1 of them off Tarbet Ness, in the Moray Firth ; the other 2 were caught 
on the same day off Scourie Bank, at a distance of 200 miles (Lat. 58° 20’ N.; 
Long 5° 40’ W.); the remaining female was taken 19 miles to the east and south. 

In May, 3 females were recaptured, 1 at Cruden Bay, at a distance of 23 miles, 
another 7 miles south-east, off Aberdeen, the third 43 miles to the south and west, 
off the Bell Rock - 

In July, a female was captured at the mouth of the Tay, at a distance of 56 
miles to the south and west. 

In September, another female was taken 8 miles north-east from Buchanness, 
at a distance of 31 miles to the north and east. 

In October, a female was captured south-east of Noss Head, at 78 miles to the 
north and west, and in December, another female, in the same locality, at a distance 
of 84 miles. 

Two females were taken in January 1914, both off Whitehills, Banff, 62 miles 
away. 
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In February, 2 females were caught, 1 off Kinnaird Head, at a distance of 44 
miles to the north and west, the other in the Moray Firth, off Tarbet Ness, at a 
distance of 90 miles. 

In March, 2 females were taken, 1, 49 miles to the south and west, off the Bell 
Rock, and the other, 97 miles to the north and west, near Noss Head, in the Moray 
Firth. 

A female was taken in May, 47 miles to the south and west, south-east of the 
Bell Rock. 

In July, a male was recaptured 15 miles E. by 8. of Auskerry, Orkneys, at a 
distance of 120 miles to the north-east, and in December, a female, 14 miles §.8.E. 
of Fair Isle, at a distance of 133 miles to the north and east. 

One female had no date of recapture. 


Aggregate | Average 
Quadrant. Sex. nae Distance | Distance ieee i. 
m | (miles). (miles), ee 


Re 


N. and E. Adult Males. 1 120 120 Ife gf? 13¢ 
Adult Females. 6 342 57 IN2 9°? 
Immature Females. 1 23 93 N. 23° EB 
8 485 61 N. 11° E 
yard Won ulNanrentaes 12 | 1188 99 N. 4°W. 
Adult Females. 20 1225 61 N. 12° W. 
Immature Females. 8 271 34 N. 19° W. 
40 2684 67 N. 11° W 
Baeareitn on n'|oNaulneaalon: gio 56 13. «| 8. 67°R. 
Immature Females. Pe 11 5 S. 9° E. 
4 37 9 8.3825) 
Row ll Adult Males: 2 41: |  o | Seeem 
Adult Females. 9 340 38 S. 44° W. 
Immature Females. 1 34 34 S. 34° W 
12 415 35 S. 43° W 
A Adult Wenales 1 20° "te og 7 Peete 
SUMMARY. 
N. and E. | 8 485 61 Nevilioon: 
N. and W. 40 2684 67 N. 11° W. 
S. and E. 4 37 9 S. 38° £ 
S. and W 12 415 35 S. 43° W 
N 1 20 20 N 
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Distances travelled—l10 miles and under.—Four fish, or 6:25 per cent., were 
recaptured at distances of 5 to 10 miles. They were all females (8 per cent.), with 
an average distance of 7 miles; 3 were found to the south and east, and 1 to the 
south and west. 

10 to 20 miles.—Seven, or 10°9 per cent., went distances of from 11 to 19 miles, 
namely, | male and 6 females (12 per cent.). The male had migrated 12 miles, 
and the average distance for the females was 16:3 miles. The male and 1 female 
were found to the south and west, 3 females to the north and west, 1 to the 
south and east, and 1 to the north and east. 

Thus, under 20 miles, 11 fish, or 17:2 per cent., were found, 1 male (7:1 per 
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cent.) and 10 females (20 per cent.), the latter having an average distance of 12°6 
miles. 

20 to 50 miles.—Twenty-four fish, or 37°5 per cent., were recovered at distances 
of from 21 to 49 miles, 2 males (14- 3 per cent.), with an average of 25:5 miles, and 
22 females (44 per cent.), with a°mean of 28°3 miles. One of the males and 11 of 
the females were taken to the north and west, the other male and 6 females to the 
south and west, 4 females to the north and east, and 1 to the north. 


., were 
recaptured at distances of from 56 to 100 miles, namely, 7 males (50 per cent.), with 
an average of 75°9 miles, and 15 females (30 per cent.), with a mean of 74°5 miles. 
All the males and 13 of the females were found to the north and west, and 2 females 
to the south and west. All the males were recaptured in the Moray Firth, 4 of 
them off Banff; 11 of the females were taken in the Moray Firth, 3 off Banff ; 
1 of the females went to the mouth of the Tay, and another east of the Isle of May. 

Over 100 miles.—Kight fish, or 12°5 per cent., were got at distances of from 
104 to 201 miles. Five (35-7 per cent.) were males, with an average of 151-2 
miles, and 3 (6 per cent.) were females, with a mean of 141°6 miles. One of the 
males was taken in the Moray Firth (Dornoch Firth), 2 on the north coast of Scot- 
land, off Scourie Bank, and 2 at the Orkney Isles; two of the females were also 
taken at Orkney, and 1 near Fair Isle. 


MaTurRITY. 


Males.—The condition of the testes was ascertained in 14 of the fifteen males 
recaptured. 

Three were “spawning,” 2 taken in February 1913, 1 in the Moray Firth, at 
a distance of 104 miles, the other at the Orkneys, at a distance of 129 miles; the 
third was found in March 1913, off Banff, in the Moray Firth, at 61 miles distant. 

Four were described as “ripe,” all caught in the Moray Firth, 2 off Banff, at 
distances of 61 and 62 miles, in December 1912 and March 1913, and 2 taken 
respectively in February and March, off the coast of Caithness, at distances of 95 
and 91 miles respectively. 

Three were described as “spent,” namely, 2 taken off Scourie Bank, on the north 
coast, in April 1913, at 201 miles distant, and the third recaptured in July 1914, 
after 849 days, off the Orkneys, at a distance of 120 miles to the north and east. 

One male, recovered in January 1913, off Banff, in the Moray Firth, at a dis- 
tance of 61 miles, was said to be “ nearly ripe.” 

Among the males of adult size, whose testes were “‘immatute,” 2 were found 
within the limits of the spawning season, | in March 1912, after 2 days, at a distance 
of 12 miles to the south and west ; it measured 34:5-34:8 em.; the other, which 
measured 34°5-35°2 cm., was taken inApril, 22 miles to the north and west, in Cruden 
Bay. 

"Females —Of the 51 recaptured, the conditions of the ovaries were recorded for 
43. 

Three were described as “spawning,” | taken in March 1914, after 740 days, 
49 miles to the south and west, near the Bell Rock; another, got in March 1913, 
oft Auskerry, Orkney, 116 miles away to the north and east ; the third, recaptured 
in December 1914, near Fair Isle, 133 miles to the north and east. 

One, recaptured in February 1913 in the Moray Firth, off Buckie, at 74 miles 
distant, was described as “ripe.” 

Eight were said to be “spent,” 4 being taken to the north-west, 2 to the south- 
west, and 2 to the south-east. Of those caught to the south-east, 1 was recaptured 
in May 1913, at 7 miles distant, and the other in April 1913, at a distance of 19 
miles. Of those which went to the south and west, 1 was taken in May 1912, at 
56 miles distant, east of the Isle of May, and the other in May 1914, at a distance of 
47 miles, also east of the Isle of May. Of the 4 which migrated north and west, 1 
was taken in March 1912, after 19 days, near Cruden Bay, and another also in 
March 1912, after 17 days, off Buchanness, at a distance of 22 miles. Of the 2 
remaining fish, 1 was caught in March 1913, in the Moray Firth, at a distance of 99 
mpiles, and the other in July 1912, on the west side of the Orkney Isles, off Hoy Head, 
at 176 miles distant. 
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Four were “nearly ripe,” 1 taken in January 1913, in the Moray Firth, at a 
distance of 62 miles, another in December 1913, north of Rattray Head and south- 
east of Noss Head, at 84 miles to the north and west, a third in January 1914, in 
the Moray Firth, off Whitehills (Banff), a distance of 62 miles, and the fourth in 
February 1914, after 700 davs, near Kinnaird Head, at a distance of 44 miles to the 
north and west. 

Three were described as.“ three-quarters ripe,” 1 taken in November 1912, 10 
miles to the south and west ; another also in November 1912, 22 miles to the north 
and west, at Cruden Bay; the third was recaptured in January 1914, after 678 
days, at Whitehills, in the Moray Firth, at a distance of 62 miles. 

Three were said to be “half-ripe,” 1 caught im March 1912, after 6 days, 11 
miles to the south and west, and measuring 42°7 cm. ; another in April 1912, after 
36 days, 23 miles to the north and west, and measuring 46°9 cm.; the third, in 
September 1918, 31 miles to the north and east, and measuring 52 cm. 

Among the females of adult size whose reproductive organs were “immature ” 
were the following captured within the hmits of the spawning season :—One, measur- 
ing 33:5-42°2 cm., in January 1913, 21 miles to the north and east ; another, of 
33-42°4 cm., taken in March 1914, in the Moray Firth, near Lybster, at a distance 
of 97 miles; and 1, caught in May 1913, 23 miles to the north and west, which 
measured 43:4 cm. 

Among the females under adult size whose ovaries were “immature ” were 2 
taken in February 1913, and measuring respectively 33°5-37°6 em. and 33-37°2 cm. 


ce 


EXPERIMENT AT Ratrray HEAD. 
Tth July 1912. 


At this place, which lies about 13 miles 8. 79° EK. from Rattray Head, in Lat. 
57° 38’ N.; Long. 1° 25’ W., where the depth is 40 fathoms, 101 fish were marked 
and liberated, 46 males and 55 females. The males raaged in size from 28°5 io 45:5 
em., and 17 were under adult size when liberated. The females measured from 
29 to 48 em., and 43 were under adult size on liberation. 

The numbers liberated and recaptured, arranged in 5-cm. groups, are shown in 
the following table :— 


cm. cm. cm. cm. cm. 
25-30°5 31-355 36-405 41-455  46-50-5 | \ Total. 
Balib: 2 : 3 30 17 4 1 55 
F. Recap. : ; 1 15 11 1 - 28 
Mo Erb: * 3: : : 9 29 7 ] — 46 
M. Recap. 4 14 + 1 -- 23 


The fish used in this experiment were trawled by the “ Goldseeker ” in Kirk- 
caldy Bay, Firth of Forth, on the 6th July, and were marked between 1.45 p.m. and 
2.45 p.m., and then placed in tubs of running water. They were liberated on the 
Tth, at 4. 10a.m. , 4 having died ia the tubs. 

The number recaptured was 52, or 51:5 per cent., namely, 24 males (52:2 per 
cent.) and 28 females (50°9 per cent.). Highteen of the males were of adult size 
on recapture, averaging 37:1 cm., and ranging from 33°8 to 45:9 cm., as compared 
with a mean of 35:1 cm., and a range of from 30 to 45:5 em., on liberation ; they 
were at liberty for periods of from 26 to 738 days, the mean being 276 days ; they 
migrated distances of from 114 to 74 miles, the mean being 41:2 miles, and the mean 
rate of movement, 1:4 miles. Six of the males were under adult size, averaging 
31°9 cm., as against 31°4 em. on liberation ; they were free for a mean period of 

119 days, and moved from 10 to 574 miles, the avera ge being 26°5 miles, and the mean 
rate of movement, per 10 days, 2°2 miles. 

Fifteen of the females were of adult size on recapture, varying from 38 to 46:2 
em., and averaging 411 cm., as compared with a range of from 32 to 41 em., and an 
average of 37 cm. on liberation : their periods of liberty varied from 17 to 1397 
days, “the average being 302 days : they travelled distances of from 74 to 141 
miles, the average being 35:1 miles, and the mean rate 1:2 miles per 10 days. 
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Thirteen were under adult size on recapture, averaging 33°6 cm., and ranging from 
281 to 37 cm., as compared with a range of from 30 to 36:5 em., and a mean of 
32°9 cm. on liberation ; they were free for periods of from 11 to 405 days, the 
average being 179 days; the distances moved varied from 13 to 78 miles, the 
average being 27-5 miles and the mean rate 1°5 miles. | 


THe ExtTeNnT AND Dtrection or MIGRATION. 


First Quarter —In the remainder ot July, 2 females and 1 male were taken, 
the male 10 miles to the aorth and west, the females at 17 and 28 miles to the south 
and west respectively. 

In August, 2 males and 2 females were found, all to the south and west, the 
males at distances of 16 and 22 miles, the females at 104 and 14 miles. 

In September, 1 male and 3 females were recovered, the male at a distance 
of 563 miles to the south and east, in the offshore waters ; 1 of the females went 
143 miles to the north and west, to off Kinnaird Head, and the other 2, 16 miles to 
the south-west. 

In this quarter, 11 marked plaice, or 21-1 per cent., were got, 8 (72°7 per cent.) 
at an average distance of 17 miles in the mean direction 8S. 39° W., 2 (18:2 per cent.) 
to tne north and west, and 1 to the south and east. The chart, with the lines of 
migration, shows that 7 of these fish were recaptured at a short distance to the 
south-east of Buchanness. 

Second Quarter.— In October, | male and 2 females were taken, all to the south 
and west. at distances of (for the male) 30} miles and (for the females) 174 and 18 
miles respectively. 

In November, 4 males and 2 females were got, all to the south-west, except 1 
of the males, which was captured in the Moray Firth, off Buckie, at a distance of 52 
miles to the north and west ; the other mates were recaptured at 174, 18, and 21 
miles, and the females at 14 and 20 miles. 

In December, 2 females were recaptured, 1 at a distance of 193 miles to the 
south and west, and the other 7 miles south from Fair Isle, at 116 miles distant to 
the north and east. 

In this quater, therefore, 11 of the marked plaice, or 21:1 per cent., were 
recovered, of which 9 (81°8 per cent.) were taken to the south and west, at a mean 
distance otf 19 miles, and in the mean direction S. 49° W.; 1 was got to the north 
and east, and 1 to the north and west. The chart of migrations shows the same 
general features a3 in the last quarter, 8 of the fish being recaptured to the south- 
east of Buchanness, not far from shore. 

Third Quarter -—In January 1913, 2 males and 1 female were taken, all in the 
Moray Firth, 2 off Banff, at a distaace of 363 miles, and 1 off Lossiemouth, at a 
distance of 574 miles. 

Two males and 2 females were recaptured in February, 1 male 11 miles to the 
south and west, the other 124 miles to the north and west, and the 2 females in 
the same direction, at distances of 11 and 13 miles. 

In March, 1 male and 3 females were taken, all to the north and west, 1 female 
off Rattray Head, at 13 miles distant, another off Banff, in the Moray Firth, at a 
distance of 37 miles, and the third female and the male were takea in the Moray 
Firth, north of Tarbet Ness, at distances of 70 and 78 miles. 

In this quarter, then, 11 marked plaice, or 21:1 per cent., were recovered, 10 of 
them (90-9 per cent.) at an average distance of 36 miles in the mean direction 
N. 56° W., and 1 to the south and west. The chart of migration lines shows a 
difference from those of the two previous quarters, 4 of the fish being caught close 
inshore to the westward, and 6 in the Moray Firth, only 1 being recaptured near 
Buchanness, to the south and west. 

Fourth Quarter —In April 1913, 2 males and 1 female were taken, the female 35 
miles to the south and west, close inshore, near Aberdeen, and the 2 males in the 
Moray Firth, 1 near Tarbet Ness, at a distance of 74 miles, and the other south-east 
of Noss Head at a distance of 61 miles. 

In May, 3 females were recovered, 1, 184 miles to the north and west, close 
inshore, at Kinnaird Head ; another in the Moray Firth, off Cullen, at a distance of 
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451 miles north and west, the third 9 miles 8.8.W. from Foula (59° 58’ N.; 2° 5’ W.), 
at a distance of 141 miles. 

A female was recaptured in June, at only 73 miles distant to the north 
and west. 

In this quarter, 7 of the marked plaice, or 13°5 per cent., were recaptured, 5 
(71-4 per cent.) at an average distance of 41 miles in the mean direction N. 51° W., 
and | to the north-east, and 1 to the south-west. 

Altogether, within the 12 months after liberation, 40 of the marked plaice, or 
76-9 per cent., were recaptured, 19 (47°5 per cent.) to the south and west, 18 (45 
per cent.) to the north and west, 2 (5 per cent.) to the north-east, and 1 to the south - 


east. These particulars are summarised in the following table :— 
Per Average Range 
G@anrier Dicockion No. of} Cent. Mean Average|Rate per| 
scree Feetion- | Fish.| of | Direction. [Distance | 10 Days 
Total. (miles). | (miles). |Distance.| Rate. 
I. July 1912. | N. and E. Nil. 
Aug. 1912. | N. and W. 2 18-2 | N. 9° W. 12: 4:7 |10-14.5 | 1°8-7:7 
Sept. 1912. | S. and E. 1 SSh 92 ns 56°5 81 ie se 
S. and W. 8 12 TANS 39> We 17° 6:8 |10°5-28 | 2°2-16°5 
11 21°71 
II. Oct. 1912. | N. and E. 1 Oe ON. 62s. 116°5 71 
Nov. 1912. | N. and W. 1 9-1 | N. 39° W. 52° Sh7/ 
Dec. 1912. |S. and E. Nil. 
S. and W. 9 81°8 | 8S. 49° W. 19° 1°65 14-30°5} = 1-2°7 
11 21-1 
TIT. Jan. 1913. | N. and E. Nil. 
Feb. 1913. | N. and W.| 10 90°9 | N. 56° W. 36° 16 11-78 5-29 
Mar. 1913. |S. and E. Nil. 
S. and W. 1 9-1 | S. 45° W. GS 5 
11 21°1 
IV. April. 1913. | N. and E. 1 14:3 | N. 9° E. 141° 4°3 ic an 
May 1913. | N. and W. 5 71-4 | N. 51°W. 41: 14 75-74: 2-2°6 
June 1913. |S. and E. Nil. 
S. and W. 1 14°3 | 8S. 54° W. 35° 1:2 
7 | 135 ( 
Summary. N. and E. 2 5° 
N. and W.| 18 45° 
S. and E. 1 275 
S. and W. 19 47°5 
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Of the remaining fish of the experiment recaptured, 3 were taken in the 
remainder of 1913, 4 in 1914, and 1 in 1916. 

A male was taken in July 1913, 13 miles to the north and west. In August, a 
female was got in the offshore waters, at a distance of 574 miles to the south and 
east. In September, a female was found 24 miles to the north-west, north-east of 
Kinnaird Head. 

In January 1914, a male and a female were taken, both to the south and west, 
at distances respectively of 41 and 28 miles, the male in the offshore waters, and 
the female inshore, near Aberdeen. In March,a male was captured in the Moray 
Firth, near Clythness, at 64 miles distant. In July, another male was taken off- 
shore, at a distance of 48 miles to the south and west. 

The last fish to be recaptured was a female, in May 1916, after 1397 days, at a 
distance of 17 miles to the south and west. 

The chart for the whole of this experiment shows a concentration of the fish, 
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generally speaking, to the south-west of Buchanness, where a large number were 
recaptured. 


No. of Aggregate Average 


= : ; Mean 
Quadrant. Sex. : Distance Distance ; : 
oo) (miles). (miles). Direction. 
N. and E. Adult Females. 2 257 128 ING 223R): 
N. andW. Adult Males. 8 428 53 N. 40° W. 
Immature Males. 3 79 26 N. 47° W. 
Adult Females. 6 136 23 N. 48° W. 
Immature Females. 5 159 By N. 46° W. 
92 | 802 36 N. 44°W. 
Sunde. | Adult Males 1 56 56 S oR - 
Immature Females. 1 57 ol Shee De 
2 113 56 re S sos. 
S. and W. Adult Males. 7 172 25 S. 38° W. 
Immature Males. 2 52 26 S. 47° W. 
Adult Females. il 130 19 S. 37° W. 
Immature Females. 7 139 20 S. 49° W. 
93 493 21 S 42° W 
SUMMARY. 
N. and E. 2 257 128 IN: 12°58: 
N. and W. 22 802 36 N. 44° W. 
S. and E. 2 113 56 S: 8° B. 
S. and W. 23 493 21 S. 42° W. 


Distances travelled—10 miles and under.—Two fish, or 4:1 per cent., were got at 
distances under 10 miles, namely, 1 male (4°8 per cent.),at 10 miles to the north and 
west, and 1 female (3°6 per cent.), 74 miles to the north and west. 

10 to 20 miles.—T wenty-one fish, or 42°8 per cent., were recaptured at distances 
of from 103 to 193 miles, 6 males (28°6 per cent.), with an average of 14°7 miles, and 
15 females (53°5 per cent.), with a mean of -15°3 miles. Four of the males and 10 
of the females were found to the south and west, 2 males and 5 females to the north 
and west. 

Thus, 23 fish, or 46°9 per cent., were got under 20 miles from the station, 7 
nales (33°3 per cent.), with an average of 14:1 miles, and 16 females (57:1 per cent.), 
with an average of 149 miles. 

20) to 50 mailes.—Fourteen fish, or 28°6 per cent., were taken at distances of from 
21 to 48 miles, 6 males (28°6 per cent.), with an average of 33°2 miles, and 8 females 
(28-6 per cent.), with an average of 31:7 miles. Five of the males and 4 of the 
females were found to the south and west, 1 of the males and 4 of the females to the 
north and west. One male and 3 females went to the Moray Firth. 

50 to 100 miles. —Ten of the marked plaice, or 20°4 per cent., were recaptured at 
distances of from 52 to 78 miles,8 males (38°1 per cent.), with an ave rage of 62 miles, 
and 2 females (7:1 per cent.), with an average of 67.7 miles. Seven of the males and 
1 of the females had migrated to the north and west, and 1 male and the other 
female to the south and east. Sevenof the males and 1 of the females went to the 
Moray Firth. 

Over 100 miles.—No male, but 2 females were recaptured at distances over 190 
miles, 1 near Fair Isle, at a distance of 116 miles, the other off Foula, at 14] miles 


distant. 
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MATURITY. 


Males.—Of the 24 recaptured, the condition of the testes was recorded for 18. 

One was “spawning ” ; it was taken in March 1914, off Clythness, at a distance 
of 64 miles to the north and west. 

Two were ‘nearly ripe,” 1 taken in January 1913, off Banff, 364 miles to the 
north and west, the other in January 1914, 41 miles to the south and west, in the 
offshore waters. One was described as “three-quarters ripe”; it had gone 18 
miles to the south and west, in November 1912. 

Among those of adult size, whose testes were described as “immature,” 2 were 
taken within the limits of the spawning season, 1 in February 1913, 113 miles to 
the south and west, the other in April 1913, off Tarbet Ness, Moray Firth, at a 
distance of 74 miles to the north and west. Among the males under adult size 
(33 cm.) was 1 measuring 31-32°8 cm., taken in the Moray Firth off Lossiemouth, in 
January 1913 ; it was described as “ nearly ripe.”’ 

Females.—Of the 28 taken, the condition of the ovaries was ascertained in 27 
cases. 

None was described as “ripe” or “nearly ripe,” but 1, “ apparently spent,” 
and measuring 36°5-39°7 cm., was taken in May 1913, off Foula, 141 miles to the 
northward. 

Among those of adult size whose reproductive organs were “immature,” were 
4 taken within the limits of the spawning season, | in January 1913, measuring 
39-40 cm., in the Moray Firth, off Macduff; 2 in February 1913, measuring re- 
spectively 37-39°8 cm., and 33°5-38°5 cm., which were taken inshore, near Rattray 
Head, at distances of 11 and 13 miles to the north and west ; the fourth, which 
measured 35°5-36'1 cm., was captured in January 1914, alter 563 days, 28 miles 
to the south and west. 


EXPERIMENTS AT SmitH Bank, Moray FIrru. 


Ten experiments were made at Smith Bank,in the Moray Firth, or its immediate 
vicinity, extending from February 1911 to November 1913, the particulars being 
given in the accompanying table :— 


Liberated. > 5 Percentage 
1 Recaptured. Rectum 
Place. Date. 
6 | @ | (%) |Total.| g | 2 | (%) |Total.| 6 | @ | (2) | Tot 
58°10’ 30” N. 2°55’ 30” W. | 18 Feb. 1911. PALS PANE ea 42 Lip eV 2 | eee 23) 52 Aged | 
58° 10’ N. 9°55 W. | #4 Mar. 1911,, |, 27/33)... | 60 | Tay 4s) 4 son aa se gee 
58° 10’30"N. 2°55730" W. | 19 April 1911. | 20, 30/...} 50 | 3] a1]... | 14 |15° [36-7 
58°10’ N. 22507 Wi. 19 Sept. 1911. | 36] 63] 2 | 101 | 22] 24) 2 48 |61°1/381] ... 
58° 10’ N. 255° W. | 11 Oct. 1911. | 37| 60| 3 | 100 | 24] 30| 2 | 56 |64-9|50° | 66-6 
58° 5/ N. 2° 30’ W. 20 Sept. 1912. | 47| 53| 1 | 101 | 27} 28]... | 55 | 57:4) 52-8) 
58°10’ 30”N. 2°35’30" W. | 21 Nov. 1912. | 26) 24/ 1 | 51 | 15] I2 27 | 57-7 | 50" | 
58° 10’ N. 9° 35’ W. 27 Mar. 1913, ] 494 420)) 3310 BOL rans 10 |55 5 | 23°8 
58° 10’N. 2°30’ W. =| 27 Mar. 1918. | 22] 48) 2 | 72 | 11] 26 37 |50° | 54:2 
58° 10’ N. 329! W. 11 Nov. 1913. | 51) 49| 100 | 16| 18 34 |31-4| 36-7 
Totals. | 296 402] 9 | 707 |148/184| 4 | 336 |50- |45-7/ 44-4, 4 7 


The total number of plaice marked and liberated was 707, comprising 296 males, 
240 females, and 9 whose sexes were not ascertained. The total number recaptured 
was 336, or 47°4 per cent.,of which 148 (50 per cent.) were males, 184 (45-7 per cent.) 
were females, and 4 (44°4 per cent.) were of unknown sex. 


EXPERIMENT I. 
18th February 1912. 


In this experiment, 42 plaice, consisting of 21 males and 21 females, were marked 
and liberated at the position 58° 10’ 30” N.; 2° 55’ 30” W., in a depth of 20 fathoms, 
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which is on the Bank at the southern edge. The males measured from 23°5 to 
42-5 cm., and 13 were under adult size on liberation; the sizes of the females 
ranged from 26 to 61 cm., and 14 were under the adult size when liberated. 

The numbers liberated and recaptured, arranged in 5-cm. groups, are as 


follows :— 
cm. cm. Cm. cm. Cn). cm. Cm. 


25-30°5 31-35°5 36-40:°5 41-45-5 46-50-°5 56-60:°5 61-65°5 ‘Total. 
Fomaib : 6 5 5 2 1 1 1 21 
F. Recap. : 3 3 2 2 — 1 i 12 
M. Lib. . tage lop 7 2 1 — — — 21 
Merkvecap. 5 4 1 1 — — — 11 


* One at 23:5 and 1 at 24:5 cm. 


The fish used in this experiment were trawled by the “ Goldseeker,” on the same 
day, in Burghead Bay, on the south shore of the Moray Firth. 

The number recaptured was 23, or 54°8 per cent., namely, 11 males (52°4 per 
cent.) and 12 females (57:1 per cent.). Nine of the males were of adult size on 
recapture, ranging from 34 to 45 cm., and averaging 37°8 cm., as compared with a 
range of from 26°5 to 42°5 cm. and an average of 34:2 cm. on liberation ; they were 
at liberty for from 40 to 476 days, the mean being 210 days; they migrated dis- 
tances of from 14 to 122 miles, the average being 40°9 miles, and the mean rate of 
movement 1°8 miles. Two of the males were under adult size, averaging 28 cm., 
as compared with 27-7 cm. when liberated ; 1 migrated 233 and the other 46 miles, 
the mean rate of travel being 4°5 miles. Five of the females were of adult size 
when recaptured, averaging 50°8 cm., as against 47°8 cm.; they were at liberty 
for a mean period of 214 days, and migrated distances of from 1 to 233 miles, the 
average being 12°8 miles, and the mean rate of movement ‘5 mile. Seven were 
under adult size on recapture, averaging 34:5 cm., as compared with 31:1 cm. on 
liberation ; they were free for from 32 to 832 days, the mean being 196 days ; they 
moved distances of from 14 to 70 miles, the mean being 31-1 miles, and the average 
rate 1‘5 miles. 


Tue Extent AND DrirRecTION oF MIGRATION. 


First Quarter —One male and 2 females were taken in March, the male 13 miles 
to the north and east, off Noss Head, both of the females to the south and west, 
1 in Burghead Bay (where it was originally captured), at a distance of 32 miles, 
the other in Dornoch Firth, near Embo, at 35 miles distant. 

In April, 2 males and 5 females were recaptured, | of the males 74 miles to the 
north and west, off Berriedale Ness, the other 46 miles to the south and west, close 
inshore, near Fort George. The position of 1 of the females was not ascertained. 
Of the others, 1 was taken 7 miles to the south and west, 1 on Smith Bank, 14 miles 
to the north and east, the third, also on Smith Bank, 1 mile to the south and 
east, and the last to the north of Banff, 143 miles to the south and east. 

A male was recaptured in May, 233 miles to the north and west, close inshore, 
north of Tarbet Ness. 

In this quarter, 11, or 47-8 per cent., of the marked plaice were recovered, but 
the position of 1 was unknown. Of the remaining 10, or 43:5 per cent., 4 were 
taken to the south and west, and 2 each to the south and east, north and east, 
and north and west. 

Second Quarter —In June, a male was got on Smith Baak, 14 miles to the south 
and east. 

In July, a male and a female were recaptured by foreign trawlers, and landed 
at Ostend, with the record “ caught in the Moray Firth.” 

In August, a male was also landed at Ostend, and “ caught in the Moray Firth.” 
In these cases, the locality cannot, of course, be determined. 

In the second quarter, therefore, 4 fish, or 17:4 per cent. were recaptured, 
but, as stated, the positions were ascertained only for 1 of them. 

Third Quarter —In September, a female was taken 35 miles to the south and 
west, in the Dornoch Firth, and a male in the “ Moray Firth ” (precise position 
unknown). 
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None was taken in October and November. 

Fourth Quarter.—In December, a male was recaptured 244 miles N.K. 4 EK. of 
Cape Wrath and landed at Grimsby; the distance migrated was about 86 miles 
in a north-westerly direction. 

In February 1912, a male was captured 16 miles E.N.E. 3 N. of the Butt of Lewis, 
at a distance of 122 miles to the north and westward. This fish was landed at Hull. 

Within the 12 months after liberation, 19 plaice, or 82°6 per cent., were 
recaptured, but the place of capture of 5 was not ascertained. Of the remaining 
14, or 60:9 per cent., 5 were taken to the south and west, 3 to the south and east, 
and the others to the north and west. 

Of the remaining fish from the experiment, 3 were taken in 1912, and 1 in 1913. 

In April 1912, 2 females were got in the Moray Firth, near Noss Head, 1 at a 
distance of 123 miles, and the other at 233 miles to the northward. In June, a 
male was recovered off Wick Bay, 15 miles to the north and west. 

The last fish from this experiment to be recaptured was a female taken in May 
1913, which obviously had migrated in an unusual direction. It is described as 
having been found 5 miles §.8.K. from Cruden Bay, or 70 miles distant from the 
station, to the southwards ; it was landed at Aberdeen. 

Distances travelled—10 miles and wnder.—Five of the marked plaice, or 27-8 
per cent., were recaptured at distances of from | to 7$ miles, 2 males and 3 females, 
the males an average distance of 4:5 miles, and the females, 3:2 miles. One male 
and | female were found to the south and east, 1 male to the north and west, 1 female 
to the south and west and 1 to the north and east. 

0 to 20 ages —Four, or 22-2 per cent., were recaptured at distances of from 
123 to 15 miles, 2 males ‘with a mean of 14 miles, and 2 females with a mean of 
134 miles. One male and 1 female were found to the north and east, the other 
male to the north and west, and the other female to the south and east. 

Thus, 9 of the fish, or 50 per cent., were recaptured at distances under 20 miles. 

20 to 50 miles.—Six fish, or 33°3 per cent., were got at distances of from 234 to 
46 miles, 2 males with an average of 34:7 miles, and 4 females with an average of 
31-4 miles. One of the males and 3 of the females were found to the south and 
west, | male to the north and west, and 1 female to the north and east. 

50 to 100 miles.—Two fish, or 11-1 per cent., were recaptured, a male at 864 
miles to the north and west, and 1 female 70 miles to the south and east. 

Over 100 miles.—Only 1 fish exceeded 100 miles ; it was taken at 122 miles 
distant to the north and west, off the Butt of Lewis. 


MaTurRIry. 


Males — Of the il recaptured, the condition of the testes was ascertained in 
only 2; both were “immature.” 

"Females.—The condition of the ovaries was recorded for 5 of the 12 recaptured. 
Two were described as “spent,” 1 taken in April 1911, 144 miles to the south 
and east, the other 1 in April 1912, 234 miles to the north and east. All the others 


were Sabra Ao 
EXPERIMENT II. 


14th March 1911. 


Tn this experiment, 60 plaice, 27 males and 33 females, were marked and liberated 
at 58° 10’ N.; 2° 55’ W., the males measuring from 21 to 36°5 cm., and 2] were 
under adult size on liberation. The sizes of the females ranged from 22 to 50 em., 
and 27 were under adult size on liberation. 

The numbers liberated and recaptured, arranged in 5-cm. groups, are shown 
in the accompanying table :— 


cm. cm. cm. cm. cm. cm. 
20-24-5 25-30°5 31-35:5 36-40-5  41-45:5 46-50-5 ‘Total. 
F. Lib. i 2 4 11 9 5 1 3 33 
F. Recap... 3 1 6 6 2 1 2 18 
M. Lib. : : 5 i 10 1 = = 27 


M. Recap. . ; 1 4 8 1 — — 14 
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The fish used in this experiment were trawled by the ‘‘ Goldseeker ” in Dornoch 
Firth on the same day. 

The number recaptured was 32, or 53:3 per cent., 14 males (51:8 per cent.) 
and 18 females (54:5 per cent.). Nine of the males were of adult size, averaging 
38°4 cm., as compared with 32:5 em. on liberation ; they were at liberty for a mean 
period of 485 days, and migrated distances of from 3 to 57 miles, the average being 
19°8 miles, and the mean rate °3 mile. Five males were under adult size, averaging 
281 cm., as against 28-4 cm. on liberation ; they were free for an average period 
of 37 days, and travelled distances of from 6 to 53 miles, the mean being 21:2 miles, 
and the average rate, 9 miles per 10 days. Hight of the females were of adult 
size, averaging 43:4 cm., as against 39°1 cm. on liberation ; they were at liberty 
for a mean period of 266 days, and moved from 3 to 72 miles, the mean being 
26 miles, and the mean rate ‘9 mile. Ten were under adult size, the average being 
32°5 cm., as compared with 30°4 cm. on liberation ; they were at liberty for an 
average period of 106 days, and migrated distances of from 7 to 44 miles, the 
average being 20°7 miles, and the mean rate of movement 17 miles. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter. —-In the remainder of March, 2 males and 4 females were recovered ; 
the position of 1 of the males was not ascertained ; the other was taken north-east 
of Rattray Head, at a distance of 53 miles to the south and east ; 1 of the females 
was caught by a foreign trawler, and landed abroad, the place of recapture being 
given as “ Moray Firth”; another is described as having been caught to the 
’ north-east of Rattray Head, at 72 miles distant to the south and east ; the third 
was got 7 miles to the north and west, near Clythness ; and the last, 12 miles to 
the south and west, off Berriedale Head. 

In April, 3 males and 4 females were recaptured, 2 of the males to the south 
and west, at 6 and 16 miles respectively, the other male 10 miles to the north and 
east, off Clythness ; 3 of the females were taken to the north and east, south-east 
of Noss Head, at distances of 21, 25, and 27 miles respectively ; the remaining 
female was recovered on Smith Bank, at a distance of 3 miles to the south and east. 

Thus, in this quarter, 13 of the marked plaice, or 40°6 per cent., were recaptured, 
the positions of 2 not being ascertained. Of the remaining 11, 4 we1e found to 
the north-east, 3 each to the south-east and south-west, and 1 to the north-west. 

Second Quarter —In June, a male and a female were recaptured “in the Moray 
Firth ” and landed at foreign ports, 

In July, a female was taken, and recorded under similar circumstances. 

Three fish, or 9:4 per cent., represent the catches for this quarter. 

Third Quarter.—-A male and a female were got in September, the female in the 
Dornoch Firth, the exact position not being recorded, and the male in the “‘ Moray 
Firth,” and landed at foreign ports. 

Fourth Quarter.—In January 1912, a male was recaptured 154 miles to the north 
and west, south-east of Berriedale Ness. 

In February, a female was taken in the “ Moray Firth,” and landed at a foreign 
port. 

Thus, in the 12 months after liberation, 20 of the marked fish, or 62°5 per cent., 
were found, but the positions of capture of 8 were not recorded. Of the remaining 
12, or 37°5 per cent., 4 were taken to the north and east, 2 to the north and west, 
and 3 each to the south and east, and south and west. 

Of the remaining fish recaptured from this experiment, 9 were taken in 1912 
and 3 in 1913. 

Three females were caught in March 1912, 1, 10 miles to the south and west, 
and 2, 9 miles and 31 miles to the north and east. In April, 2 females were 
recaptured, 1, 20 miles to the north and east, and the other on the north coast of 
Scotland, north-east of Holburn Head, at a distance of 34 miles. In May, a male 
was taken 43 miles to the north and east, and a female 20 miles in the same direc- 
tion. In September, a male got in the “ Moray Firth ” was landed at a foreign 
port, and in December, another male was recaptured 19 iniles to the north and east. 

In March 1913, 2 males were recovered, 1, 3 miles to the north and west, the 
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other on the north coast, off Strathie Point, at a distance of 57 miles. The last 
fish to be taken was a male, found 20 miles to the north and east, in April 1913. 

Distances travelled—10 miles and under.—Kight fish, or 34:8 per cent., were 
recaptured at distances of from 3 to 10 miles, 4 males, with an average of 5-9 miles, 
and 4 females, with an average of 7:2 miles. One of the males and | of the females 
were found to the north and west, 2 of the males and 1 of the females to the north 
and east, and 1 male and 1 female to the south and east. 

10 to 20 miles—Four, or 17:4 per cent., were recaptured at distances of from 
12 to 19 miles; 3 males, with an average of 16°8 miles, and 1 female at 12 miles. 
One of the males and the female were found to the south and west, 1 male to the 
north and west, and 1 to the north and east. 

Thus, 12 of the fish. or 52:2 per cent., were recaptured at distances under 20 
miles. 

20 to 50 miles.—Hight fish, or 34°8 per cent., were got at distances of from 20 
to 44 miles, ] male at 20 miles from the station, and 7 females (53°8 per cent.) at 
a mean distance of 27 miles. All these fish were found to the north and east. 

50 to 100 miles.—Three fish, or 13 per cent., were recaptured at distances of 
from 50 to 100 miles, 2 males at 53 and 57 miles, and 1 female at 72 miles. One 
male and the female went to the south and east, and the other male to the north 
and east. 

None was taken at distances over 100 miles. 


MATURITY. 


Males.—The condition of the reproductive organs was ascertained in only 3 of 
the 14 males recaptured. One was described as “spawning”; it was taken in 
March 1913, after 746 days, off Strathie Point, on the north coast of Scotland, at 
a distance of 57 miles to the north and west. 

One was described as “ripe”; it was captured in January 1912, 15 miles to 
the north and west. One was “nearly ripe”; it was taken in December 1912, 
19 miles to the north and east. 

Females.—The condition of the ovaries was recorded for only 3 out of 18 fish 
recaptured. One, taken in April 1912, 20 miles to the north and east, was said 
to be “nearly ripe.” Another, found in March 1912, 33 miles to the north and 
east, was described as “‘ spent.” The third was “immature.” 


EXPERIMENT III. 
19th April 1911. 


In this experiment, 50 marked plaice, viz. 20 males and 30 females, were liberated 
at the same place asin the last experiment, the males measuring from 23°5 to 43°5 
cem., and 17 being under adult size when liberated. The females varied from 
26 to 56 cm., and 19 were under adult size on liberation. The fish used were taken 
in the Dornoch Firth on the 17th, and were marked and kept in tubs until the 
19th, owing to the rough weather, when they were set at liberty. 

The numbers liberated and recaptured, arranged in 5-cm. groups, are shown in © 
the following table :— 


cm. cm. em. em. em. cm. cm. 
25-30°5 31-35°5 36-40°5 41-45°5 46-50°5 51-55:°5 56-60°5 ‘Total. 


F. Lib. : : 9 7 5 2 1 5 1 30 
F. Recap. 1 5 2 — 1 1 1 11 
M. Lib. : 2 MEO 4 1 2 — — — 20 
M. Recap. . ; 3 — — — = — — 3 


* Two at 23°5 cm. 


The number recaptured was only 14, or 28 per cent., 3 males (15 per cent.) 
and 11 females (36°7 per cent.). Two of the males were of adult size on recapture, 
and 1 was under that size. Six of the females were of adult size, averaging 48-2. 
cm., as against 43°7 cm. on liberation. Five of the females were under adult size, 
averaging 34°3 cm., as compared with 31-6 cm. on liberation. 
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THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter—In May, 2 females were recaptured, the position of 1 being 
vaguely indicated as “‘ Moray Firth” ; the other was taken 20 miles to the north- 
east, off Noss Head. 

In June, a female was recovered, the place of capture being still more vague, 
namely, “ North Sea” ; it was landed at Geestemiinde. 

Second Quarter —In September, 5 females were taken, the position of 3 being 
given as “ Moray Firth”; the fourth was found 20 miles to the north-east, off 
Noss Head, and the fifth, 36 miles to the south and west, at Burghead. 

In October, a female was recaptured in Cromarty Firth, at 45 miles distant 
to the south and west. 

Third Quarter—In December, a female was recaptured in the “ Moray Firth,” 
and landed at a foreign port. 

Fourth Quarter—tIn February 1912, a male was taken 10 miles to the north 
and west, off Clythness, and a female was got on Smith Bank, in the place where it 
was liberated. 

A male was recaptured in March 1912, 36 miles to the south and west, in the 
Dornoch Firth. 

Thus, within the 12 months following liberation, 13 of the fish, or 92:8 per cent., 
were recaptured, the positions being known for only six, or 42°8 per cent. 

The 1 remaining fish from the experiment was got in September 1912, in Burghead 
Bay, 35 miles to the south and west. 

Distances travelled.—Only 1 fish went a distance of 10 miles, and none was 
found between 10 and 20 miles. Six fish (85-7 per cent.) were recaptured at distances 
of from 20 to 45 miles, 2 males and 4 females. The males and 2 of the females 
were found to the south and west, the other 2 females to the north and east. 


MaTurIry. 


Males.—The condition of the testes was recorded for 2 of the males. One was 
“ripe”; it was taken in February 1912, 10 miles to the north-west. The other 
was “ very immature,” although captured in March 1912, and measuring 29-34°5 
em. ; it was taken in the Dornoch Firth, 36 miles to the westward. 

Females.—The condition of the ovaries was ascertained in 4 of the 11 recaptured. 
One, taken in September 1911, 20 miles to the north and east, was described as 
“half ripe.” All the others were “‘ immature.” 


EXPERIMENT Iv. 
19th September 1911. 


In this experiment, 101 plaice were marked and liberated, viz. 36 males, 63 
females, and 2 whose sexes were not ascertained. The males measured from 29 
to 48 cm., and 5 were under adult size on liberation. The females ranged from 
29 to 76 cm., and 15 were under adult size on liberation. 

The numbers liberated and recaptured, arranged in 5-cm. groups, are as 


follows :— 
cm. cm. cm. cm. em. em. cm. cm 


. 25-30°5 31-35°5 36-40°5 41-45°5 46-50°5 51-55°5  56-60-5 61-65°5 Total. 
F. Lib. 2 6 17 7 14 9 3 5* 63 
F. Recap. 1 3 8 3 5 3 — 1 24 
M. Lib. 3 10 13 9 1 = = = 36 
M. Recap. 2 9 7 3 1 Be == = 22 
? Lib. — — — 2 — aaa = — 2 
* Recap. — — 2 — — — — 2 


* One at 66°5 and 1 at 76 em. 


_ Some of the fish used in this experiment were recaptured by the “ Goldseeker ” 
in Dornoch Firth, and marked, on the 18th between 5.30 and 6 p.m., but most were 
taken on the 19th in Burghead Bay ; they were liberated about 6 p.m. on the 19th. 
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The number recaptured was 48, or 47°5 per cent., viz. 22 males (61:1 per cent.), 
24 females (38:1 per cent.), and the 2 of unknown sex. Twenty-one of the males 
were of adult size on recapture, averaging 38°6 cm., and ranging from 33:2 to 47-6 
cm., as compared with a range of from 30 to 48 cm. and a mean of 36:2 cm. on 
liberation ; they were at liberty for from 53 to 883 days, the average being 267 
days; they migrated distances of from 3 to 188 miles, the mean being 40 miles, 
and the mean rate 1:4 miles. Eighteen of the females were of adult size, ranging 
from 38 to 551 cm., and averaging 46:2 cm., as against a range of from 34°5 to 
55 cm., and an average of 44°1 cm. on liberation ; they were at liberty for from 
39 to 606 days, averaging 210 days; they travelled distances of from 3 to 59 miles, 
the mean being 23°3 miles, and the average rate 1 mile. Six were under adult 
size, averaging 33°8 cm.,as against a mean of 35 cm. on liberation ; they were free 
for a mean period of 91 days, and migrated from 33 to 44 miles, the mean being 
23°6 miles, and the average rate 2°6 miles. 

Twenty-six of the recaptured fish were landed by foreign trawlers at Ostend 
Ymuiden, Geestemiinde, and Cuxhaven, the place of capture being stated, in some 
cases, merely as “‘ Moray Firth,” or not recorded. 


THE EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—In September, one of unknown sex was landed at Ostend, the 
place of capture unrecorded. 

In October, a female was taken 5 miles to the north and west, and another in 
the “ Moray Firth,” and landed at Ostend. 

In November, 2 males and 6 females were found; 1 of the males was taken 7 
miles to the north and east, and the other 8 miles to the south and east ; 2 of the 
females were recovered together, north-east of Kinnaird Head, at a distance of 44 
miles to the south and east, and 2 others near the same place, | at a distance of 45 
miles, and the other at a distance of 41 miles; of the 2 remaining females, 1 was got 
in the “‘ Moray Firth” by a Belgian trawler, and the other was taken on Smith 
Bank, at a distance of 33 miles to the south and east. 

In December, 2 males and 3 females were recaptured, 1 of the males in the 
“‘ Moray Firth,” by a German trawler, and the other 25 miles to the north and east 
of Noss Head ; 2 of the females were taken on Smith Bank, on the same day, at a 
distance of 8 miles to the south and east, the third being captured 21 miles to the 
north and east, off Noss Head. 

In this quarter, 16 of the marked plaice, or 33°3 per cent., were recaptured, the 
position being known for 12 (25 per cent.), and of these, 8 (66°6 per cent.) were 
found to the south and east, 3 to the north and east, and 1 to the north and west. 

Second Quarter.—A male and a female were taken in January 1912, the female 
17 miles to the north and east, off Noss Head, and the male, which was “ ripe,” on 
the north coast, off Strathie Point, at a distance of 64 miles to the northwards and 
westwards. 

Four males and 1 female were recaptured in February 1912, the female 5 miles 
to the north and west, off Clythness, and 2 of the males in the same locality, at 34 
and 64 miles ; another male was taken by a Belgian trawler in the “ Moray Firth,” 
and the remaining male, which was “ripe,” on the north coast, off Strathie Point, 
at a distance of 67 miles. 

Two males, 2 females, and 1 of unknown sex were taken in March, 1 female 10 
miles to the south and west, and the other 9 miles to the north and east, off Noss 
Head ; one of the males was also found off Noss Head, at a distance of 9 miles to 
the north and east, and the other 25 miles to the south and east, north of Kinnaird 
Head ; the fish whose sex was not recorded was captured cfishore, near Auskerry, 
Orkney Isles, at 65 miles to the north and east. 

In the second quarter, therefore, 12 fish, or 25 per cent., were recaptured, the 
position of 1 being unknown. Of the remaining 11, or 22-9 per cent., 7 (63°6 per 
cent.) were found to the north and east, 2 to the north and west, and 1 each to the 
south and east and south and west. 

Third Quarter.— 2 males and a female were taken in April, the position of 1 of the 
males not known, the other male off Noss Head, 12 miles to the north and east, the 
female in the Dornoch Firth, at 36 miles distant to the south and west. 
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In May, 4 maies and 3 females were recaptured ; the place of capture of 1 of the 
females was not recorded ; the other females were taken to the north and west, l ata 
distance of 34 miles, and the other at 7 miles ; 1 of the males was recaptured 3 miles 
to the north and west, another on the north coast, off Dunnet Head, at a distance of 
48 miles to the north and west, another at 62 miles to the north and east, to the 
west of the Orkney Isles ; the remaining male is described as having been recap- 
tured at a distance of 188 miles to the east and south (Lat. 58° 12’N.; Long.3° 15’ E.). 

In June, 2 females were taken, both to the north and east, off Auskerry, Orkney 
Isles, one at 504 and the other at 59 miles. 

Thus, in this quarter, 12 of the marked plaice, or 25 per cent. were recaptured, 
the position of capture of 2 being unrecorded Of the remaining 10, or 20-8 per 
cent., 5 (50 per cent.) were found to the north and east, 3 to the north and 
west, and | each to the south-east and south-west. 

No other fish was recaptured until October 1912, so that, within a twelvemonth 
of liberation, 40 of the marked fish, or 83°3 per cent. were taken, but the position of 
recapture was recorded for only 33 or 68-7 per cent. Of these, 15 (45-4 per cent.) 
were found to the north and east, 10 (30°3 per cent.) to the south and east, 6 (18:2 
per cent.) to the north and west, and 2 to the south and west. 

Of the remaining fish, 2 were taken in 1912, 5in 1913, and 1 in 1914. 

In October 1912, a female was recaptured 35 miles to the north and east, off- 
shore, east of Noss Head. A male was got in November, in the “ Moray Firth,” 
and landed at Cuxhaven. 

In March 1913, a male and a female were recovered, the male at 5 miles distant 
to the north and east, and the female 193 miles to the north and west. north of 
Tarbet Ness. In April, a male was recaptured off the Butt of Lewis, on the west 
coast, at a distance of 140 miles to the north and west. In May, a female was taken 
20 miles to the north-east, and in July, a male 7 miles to the north and west. 

The last fish to be taken was a male in February 1914, 84 miles to the north and 
west. 

Distances travelled—l0 miles and under.—Kichteen fish, or 45 per cent., were 
taken at distances of from 3 to 10 miles, viz. 9 males (50 per cent.), with an average 
of 6:4 miles, and 9 females (42°8 per cent.), with a mean of 6°5 miles. Four of the 
males and 4 of the females were taken to the north and west, 1 of the males and 3 
_ of the females to the south and east, 4 males and 1 female to the north and east. and 
1 female to the south and west. 

10 to 20 miles.—Three fish, or 7°5 per cent., were recaptured at distances of from 
12 to 193 miles, viz. 1 male and 2 females. 

Thus, 21 fish, or 52:5 per cent., were found at distances under 20 miles. 19 males 
(55°5 per cent.), with an average of 6-9 miles, and 11 females (52°3 per cent.), with an 
average of 8°6 miles. 

20 to 50 males.—Eleven fish, or 27°5 per cent., were recaptured at distances of 
from 20 to 48 miles, 3 males (16°6 per cent.), with an average of 32°8 miles, and 8 
females (38:1 per cent.), with an average of 36 miles. Two of the males and 3 of the 
females were found to the northward, | of the males and 4 of the females to the 
south and east. and 1 of the females to the south and west. 

50 to 100 miles.—Six fish, or 15 per cent., were recaptured at distances of from 
504 to 68 miles, 3 males (16.6 per cent.), with an average of 64°8 per cent., 2 females 
(9:5 per cent.), with a mean of 54°7 miles. All these fish were got to the northward, 
as was also 1 whose sex was unknown. 

Over 100 miles.—Two fish, or 5 per cent., were found at distances of 140 miles to 
the north and westward, and 184 miles to the south and east. Both were males. 


MatTuRITY. 


Males.—-The condition of the testes was ascertained in 9 of the 22 recaptured. 
Four were described as “ripe,” 1 caught in February 1912, on the north coast, off 
Strathie Point, at a distance of 67 miles, another, also off Strathie Point, in January 
1912, at a distance of 64 miles, the third 12 miles to the north and east in April 1912, 
and the fourth, in February 1914, 83 miles to the north and west, off Clythness, 
Two were “nearly ripe,” both taken in February 1912, one 34 miles to the north 
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and east, and the other 63 miles to the north and west. A male, caught in December 
1911, 25 miles to the north and east, was “ half ripe.” 

Females.—The condition of the ovaries was recorded for only 5 of the 24 females. 
One, captured in December 1911, 21 miles to the north and east, was “‘ nearly ripe ”’ ; 
another, taken in January 1912, 17 miles to the north and east, was “‘ spent,” and 
the third, recaptured in June 1912, off Auskerry, Orkneys, 59 miles to the north 
and east, was described as “ apparently spent.” 


EXPERIMENT V. 
11th October 1911. 


In this experiment, 100 marked plaice were liberated, 37 males, 60 females, and 
3 whose sex was not determined. The males ranged in size from 24°5 to 40 cm., and 
8 were under adult size ; the females measured from 26 to 56 cm., and 31 were under 
adult size on liberation. 


The numbers liberated and recaptured, arranged in 5-cm. groups, are as 
follows :— 


cm. cm. cm. cm. cm. cm. cm. 

25-30°5 31-35°5 36-40°5 41-45:5 46-50°5 51-55-5 56-60°5 Total. 
F. Tab. : 2 17 24 5 6 5 1 60 
F. Recap. . — 9 14 3 i 3 — 30 
M. Lib. ; 5* 17 15 — — — — 37 
M. Recap. . 1 13 10 —~ — — — 24 
? Lib. ; — 2 1 — — _ — 3 
? Recap... — 2 — — — — 2 


* One at 24:5 cm. 


The fish used in this experiment were taken by the ‘“‘ Goldseeker ” on the 10th 
October, in the Dornoch Firth, and marked before 4 p.m. They were liberated the 
next day at 9 p.m. 

The number recaptured was 56, or 56 per cent., 24 males (64°9 per cent.), 30 . 
females (50 per cent.), and 2 of unknown sex (66°6 per cent.). On recapture, 23 of 
the males were of adult size, ranging from 33°4 to 43-4 cm., and averaging 37:2 cm., 
as compared with a range of from 31 to 40 cm., and a mean of 35°5 em. on libera- 
tion ; they were at liberty for from 15 to 594 days, the average being 237 days ; 
they migrated distances of from 24 to 894 miles, the mean being 23°6 miles, and the 
average tate ‘9 mile. Sixteen of the females were of adult size on recapture, 
averaging 44°8 cm., and varying from 38:1 to 55°5 cm., as against a range of from 34 
to 55:5 em., and an average of 41°1 cm. on liberation ; they were at liberty for from 
32 to 521 days, the mean being 298 days ; they travelled distances of from 24 to 106 
miles, the mean bieng 31:7 miles and the mean rate ‘97 mile. Fourteen of the 
females were under adult size on recapture, ranging from 34 to 37°9 cm., and 
averaging 36°2 cm., against an average of 36°1 cm., and a range of from 38°5 to 41 
cm. on liberation ; they were at liberty for from 11 to 237 days, the mean being 97 
days ; they moved from 34 to 82 miles, the average being 33-2 miles, and the mean 
rate of movement 3°3 miles. 


Tor Extent AND DrIrREcTION oF MIGRATION. 


First Quarter.—In the remainder of October, 1 male and 2 females were re- 
captured, the male and | of the females in “the Moray Firth,” and landed respec- 
tively at Ostend and Geestemiinde ; the other female was taken north-east of 
Kinnaird Head at 433 miles distant to the east and south. 

In November, 6 females and 1 of unknown sex were recaptured ; 1 female was 
taken in the “ Moray Firth,” and landed at Ostend ; 3 were recovered on Smith 
Bank, 1 at a distance of 33 miles to the south and east, and the other 2 at 8 miles 
in the same direction ; the fish whose sex was not ascertained was also captured 
on Smith Bank, at a distance of 8 miles to the south-east ; of the other 2 females, 
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1 was caught off Noss Head, 24 miles to the north and east, and the other north- 
east of Kinnaird Head, 43 miles to the south and east. 

In December, a female was recaptured on Smith Bank, at a distance of 8 miles 
to the south and east. 

In this quarter, 11 of the marked plaice, or 19°6 per cent., were recovered, 
positions being known for 8, or 14°3 per cent., and of these, 7 (87-5 per cent.) were 
taken to the south and east, and 1 to the north and east. The migration lines 
on the chart all pass from the station towards the outer waters to the eastwards, 
none going towards the coast. 

Second Quarter-—In January 1912, a female was recaptured far offshore, 82 
miles to the north and east. 

In February, 5 males and 1 female were recaptured, the female 1n the Dornoch 
Firth, 33 miles to the south and west ; 1 of the males was also taken to the south 
and west, at a distance of 10 miles; 2 of the males were recaptured oa the same 
day, off Clythness, 5 miles to the north and west ; a male was taken on the north 
coast, north-west of Dunnet Head, at a distance of 58 miles to the north and west ; 
the remaining male was recaptured 53 miles EK. } N. of Cape Wrath, at 894 miles 
distant. 

Four males and 5 females were caught in March, the place of capture of 1 male 
and | female not being ascertained, and 1 of the females being vaguely described as 
having been recaptured in the “ Moray Firth,” and landed at Ostend ; 1 male was 
captured on Smith Bank, at a distance of 3 miles to the north and west ; another 
was taker 23 miles to the westward, north of the Dornoch Firth ; the remaining 
male was captured at the mouth of the Dornoch Firth, 28} miles to the south 
and west ; 2 females were taken in the Dornoch Firth, 36 miles to the south and west, 
and the remaining female off Duacansby Head, 31 miles to the north and east. 

In the second quarter, therefore, 16 fish, or 28°6 per cent., were recaptured, the 
position hemg kaown for 13, or 23:2 per cent. Of these, 5 (38-4 per cent.) were 
found to the south and west, 4 (30-8 per cent.) to the north and east, 3 (23-1 per 
cent.) to the north and west, and | directly westward. The migration chart shows 
the opposite cordition from that for the first quarter, only | of the fish having 
migrated eastward, all except 3 being found nearer the coast than the station 
where they were liberated. 

Third Quarter.—In April, 5 males and 4 females were recaptured, the position 
of capture of 1 of the males not being ascertained. One male was taken 13 miles 
to the north and east, off Noss Head ; 1 of the males was got 6 miles to the south- 
west, and the other 2, 24 and 134 miles to the north and west ; all the females were 
caught to the north and east, 2 at a distance of 23, 1 at 20 miles, and the other 45 
miles, south-east of Auskerry. 

In May, 2 males and a female were recaptured : 1 of the males was got north- 
east of Kinnaird Head, at a distance of 47 miles to the south and east ; the female 
was recaptured 22 miles to the north-east, off Noss Head, and the other male 
north-east of Auskerry, at a distance of 63 miles to the north and east. 

In June, a female was recovered south-east of Auskerry, 52 miles to the north- 
east, and a female 15 miles to the north-east, off Noss Head. 

In this quarter, 14, or 25 per cent., were taken, the position being known for 13, 
or 23:2 per cent. Of these, 9 (69:2 per cent.) were found to the north and east, 2 
(15:4 per cent.) to the north and west, | to the south and east, and 1 to the south 
and west. The predominating feature of the migration lines in this period was a 
movement to the northward of the station. 

Fourth Quarter—None of the marked plaice was recaptured during these 
3 months, so that, in the first year following the liberation, 41 fish, or 73-2 per cent., 
were recaptured, the position being known for 34 (60°7 per cent.). Of these, 14 
(41-2 per cent.) were taken to the north and east, 8 (23°5 per cent.) to the south and 
east, 5 to the north and west, 6 to the south and west, and | to the west. 

Of the remaining fish, 5 were recaptured in the remainder of 1912, and 10in 1913. 

In October 1912, a male was taken 5 miles to the south and west, and a female 
34 miles to the north and east. In November, 3 females were found, 1 on Smith 
Bank, 8 miles to the south and east, and the other 2 to the north and east, 1 north- 
east of Noss Head, at a distance of 30 miles, and the other 4 miles E. by S. from 
Start Point, Orkney Isles, at a distance of 70 miles. 


In February 1913, 3 females and a male were taken, the male 9 miles to the 
north and west, 2 of the females to the south and west, to near Tarbet Ness, 31 and 
39 miles distant ; the remaining female was recaptured 11 miles W.S.W. of Cape 
Wrath, 106 miles to the north and west. Three males and a female were recovered 
-in March 1913, 1 of the males north-east of Tarbet Ness, 153 miles to the south and 
west, another in the Dornoch Firth, 363 miles to the south and west, the third 21 
miles to the north and east, off Noss Head, while the female was taken off Tarbet 
Ness, 22 miles to the south and west. In May, a male was got north-east of 
Kinnaird Head, at a distance of 39 miles to the south and east. The last fish of the 
experiment to be recaptured was a male which was landed at Altona by a German 
trawler, and said to have been caught to the south-east of Great Fisher Bank, about 
Lat. 56° 52’ N.; Long. 4° 34’ E., or some 257 miles to the south and east of the 
station of liberation ; it is, however, not improbable that the fish was taken in the 
Moray Firth, since no less than 20 of the recaptures from this experiment were 
landed at foreign ports, the foreign trawlers being at liberty to fish in the Moray 
Firth. 

Distances travelled—10 miles and under.—Sixteen, or 32°6 per cent., were recap- 
tured at distances of from 24 to 10 miles, 8 males (38-1 per cent.), with an average 
of 5:7 miles, and 7 females (26:9 per cent.), with an average pf 5°8 miles. Five of the 
males were taken to the north and west, 3 males to the south and west, 5 females 
to the south and east, and 2 to the north and east. 

10 to 20 miles.—F our fish, or 8°2 per cent., were recaptured at distances of from 
13 to 154 miles. All were males (19 per cent.), 2 bemg taken to the north and east, 
1 to the south and west, and 1 to the nerth and west. 

Thus, 20 fish, or 40°8 per cent., were taken at distances under 20 miles, 12 
males (57:1 per cent.), with an average of 8°5 miles, and 7 females (26°9 per cent.), 
with an average of 5:8 miles. 

20 to 50 miles.—Twenty-one, or 42°9 per cent., were got at distances of from 20 
to 47 miles, viz. 6 males (28°6 per cent.), with an average of 32°6 miles, and 15 
females (57°7 per cent.), with an average of 32°7 miles. Two of the males and 2 
of the females were found to the south and east ; 2 of the males and 6 of the females 
to the south and west ; 1 male and 7 females to fe north and east, and 1 male to the 
west. 

50 to 100 miles.—Six fish, or 12°2 per cent., were taken at distances of from 52 
to 893 miles, 3 males (14°3 per cent.), with an average of 70°3 miles, and 3 females 
(11:5 per cent.), with an average of 68:2 miles. One of the males was taken on the 
north coast, 1 off Cape Wrath, and the third off Auskerry ; 1 female was taken off 
Auskerry, | off Start Point, Orkneys, and the third far offshore, to the eastward. 

Over 100 miles.—Two fish, or A per cent., were recaptured at distances over 
100 miles, | female W.S.W, of Cape Wrath, and a fish of unknown sex, represented 
to have been got by a German trawler near the Great Fisher Bank. 


MatuRITY. 


Males.—The condition of the testes was recorded for only 9 of the 24 males 
recaptured. One was described as “spawning”; 1t was taken in February 1913. 
9 miles to the north and west. Three were said to be “‘ ripe”; 2 were taken in 
February 1912, 1, 5 miles te the north and west, and the other 10 miles to the south 
and west ; the third was recaptured in March 1912, 23 miles to the westward. Two 
were “spent,” | taken in March 1913, 153 miles to the south and west, and 1 in 
Mav 1913, 394 miles to the south and east. One, caught in February 1912, 5 miles 
to the north and west, was deseribed as “‘ three-quarters ripe.” 

Females —The condition of the ovaries was recorded in 10 of the 30 reeaptured. 
One was ‘“‘ spawning”; it was found in February 1913, 31 miles to the south and 
west, off Tarbet Ness. Two were “ripe.” 1 taken in Februarv 1913, 39 miles to 
the south and west, near Tarbet Ness, the other in March 1912, 31 miles to the 
north and east, off the Pentland Skerries. Three were described as “nearly 
ripe,” | taken in November 1911, 24 miles to the north and east, another in Novem- 
ber 1912, off Start Point, Orkney, 70 miles to the north and east, the third in 
February 1913, near Cape Wrath, 06 miles to the north and west. 
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EXPERIM ENT VI. 


20th Septe mber 1912. 


In this experiment, 101 plaice were marked and liberated, at a slightly different 
position, viz. 58° 5’ N.; 2° 30’ W., 47 being males, 53 females, and 1 of unknown sex. 
The males measured from 31 to 41 cm.,and 3 were under adult size when liberated ; 
the sizes of the females ranged from 32°5 to 59 cm., and 20 were under adult size on 
liberation. 

The numbers liberated and recaptured, arranged in 5-cm. groups, are as 
follows :— 


cm. cm. cm. cm. cm. cm. 
31-—35°5 36—-40°5 41-45°5 46-50'5 51-55°5 56—-60°5 Total. 
F. Lib. : wn 16 27 8 3 2 3 53 
¥. Recap. . : 4 12 7 3 1 it 28 
M. Lib. : PATS 28 1 oe 2 ats 47 
M. Recap. . : 9 17 1 — = — 27 
2 Lib. ee eee 1 i Bu an bie 1 


tRecap. ES == a re = = — 


The fish used were taken by the ‘‘ Goldseeker”’ in the Dornoch Firth, some 
hours before they were marked and liberated. 

The number recaptured was 55, or 54:4 per cent., viz. 27 males (57:4 per cent.) 
and 28 females (52°8 per cent.). Twenty-five of the males were of adult size on 
recapture, measuring from 34°7 to 44 cm., and averaging 37°6 cm., as compared 
with a range of from 33°5 to 41 cm. and a mean of 36°8 cm., on liberation ; they were 
free for from 19 to 524 days, the mean being 163 days; they migrated distances of 
from 0 to 88 miles, the average being 28°6 miles, and the mean rate 1:7 miles. 
Twenty-one of the females were of adult size on recapture, averaging 43°8 cm., and 
ranging from 39 to 59°3 cm., as against a range of from 325 to 59 cm., and an average 
of 42:4 cm. on liberation ; they were at liberty for from 20 to 507 days, the mean 
being 160 days; they migrated distances of from 11 to 633 miles, the mean being 
23°4 miles, and the average rate 15 miles. Seven were under adult size, averaging 
36-2 cm., as against 35:9 cm. on liberation ; they were at liberty for a mean period 
of 127 days, and migrated from 7 to 44 miles, the mean being 19:2 miles, and the 
mean rate being 1°5 miles. 


THe Extent AND DIRECTION OF MIGRATION. 


First Quarter.—None was taken in September, but in October, 6 males and 
5 females were recaptured ; | of the males was taken at the place where it was 
liberated, after 30 days; 2 males were found off Noss Head by a German trawler, 
and landed at Geestemiinde ; another male was taken 7 miles to the north and west, 
and 1, 153 miles to the north and east, and 1, 11 miles to the north and east ; of 
the females, 3 were found at 11, 18, and 29 miles to the north and east ; 2 females 
were taken to the north and west, at 7 and 13 miles respectively. 

In November, 3 males and 5 females were got; 1 male was taken 27 miles 
to the north and west, near Noss Head, another 20 miles to the north and east, 
south-east of Noss Head, while a third was recaptured in an unusual position, near 
Tod Head, on the east coast, 88 miles to the southwards, having migrated at the 
mean rate of 15:2 miles per 10 days; of the females, 3 were taken to the north 
and west, 2 at 14and | at 28} miles,the latter close to Noss Head; 1 was recaptured 
14 miles to the north and east, and 1,32 miles to the south and east, near Rattray 
Head. 

In December, 3 males and 4 females were recaptured, the position of 1 of the 
females not being recorded. Of the others, 2 were taken to the north and east 
at distances of 153 and 25 miles, the fourth female being recaptured on the north 
coast at 63 miles distant, and the 3 males at 153,16, and 25 miles distant to the 
north-east. 

In this quarter, 26 fish, or 47°3 per cent., were recaptured ; the positions were 
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known for 22, or 40 per cent., of which 12 (54°5 per cent.) were taken at the mean 
distance of 17°8 miles in the mean direction N. 26° K.; 8 (36-4 per cent.) at the mean 
distance of 22 miles, in the mean direction N. 33° W. The remaining 2 were re- 
captured to the south and east. An examination of the migration chart shows that 
the great majority of the fish were recaptured northward of the place of liberation, 
most of them to the south-east of Noss Head. 

Second Quarter—In January 1913, a male and a female were recovered, the 
female 154 miles to the north and west ; the male was got on the north coast, off 
Dunnet Head, at a distance of 603 miles to the north and west. 

Four males and 3 females were taken in February, all but 1 female to the north 
and west. Three were recaptured in the Dornoch Firth, 2 males and a female, at 
distances of 42 and 44 miles to the westwards ; a male was got a little north of the 
Dornoch Firth, at a distance of 32 miles, and another off Clythness, at 24 miles 
distant ; a female was recaptured off Noss Head, 243 miles distant to the north- 
ward ; the remaining female was taken to the east and south, at a distance of 
26 miles. 

In March, 2 males and 2 females were recaptured, the 2 males in the Dornoch 
Firth, at distances of 40 and 434 miles to the westward ; the 2 females were taken 
off Clyth Ness, 16 miles and 164 miles north and west. 

In this quarter, 13 of the marked plaice, or 23:6 per cent., were recovered, 12 
(92-3 per cent.) at an average distance of 34 miles in the mean direction N. 55° W., 
and 1 to the south and east. The lines on the migration chart show a great 
difference from that for the first quarter, spreading, as they do, shorewards, from 
Tarbet Ness to Duncansby Head. 

Third Quarter.—In April, 4 males and 2 females were recaptured, 1 of the males 
and 1 of the females being taken by foreign trawlers in the “ Moray Futh”; the 
remaining female was got 114 miles to the north and east, 1 of the males 18 miles to 
the north and west, off Clythness, another 14 miles to the north and east, and the 
last in Burghead Bay, 40 miles to the south and west. 

In May, a female was recovered in the Dornoch Firth, at a distance of 43 miles 
to the westward. 

In June, a male and a female were found, the former 23 miles to the north and 
west, near Noss Head, the latter 16 miles in the same direction, off Clythness. 

Thus, in this quarter, 9 fish were recaptured, or 16-4 per cent., the position 
being known for 7 (12°7 per cent.) ; 4 (57°1 per cent.) were found to the north and 
west, 2 to the north and east, and | to the south and west. 

Fourth Quarter —In July, a female was taken 14 miles to the north and west, 
and in August, another female almost in the same position. 

Only 2, or 3°6 per cent., were taken in the fourth quarter. ; 

In the 12 months following liberation, 50 of the fish, or 90°9 per cent., were 
recovered, the position being known for 44 (80 per cent.), and of those 26 (59-1 per 
cent.) migrated to the north and west, 14 (31°8 per cent) to the north and east, 3 to 
the south and east, and 1 to the south and west. 

Of the remaining fishes recaptured, a female was caught in December 1913, 21 
miles to the north and west, and in February 1914, 3 males and a female were 
taken; the female was recaptured off Tarbet Ness, 31 miles to the south and west, 
1 of the males north-east of Tarbet Ness, 38 miles to the north and west, and 
the other 2 males at 23 and 30 miles to the north and west. 

Distances travelled—10 miles and under.—Two fish, or 4°1 per cent., went distances 
of 7 miles to the north and west, a female and a male. 

10 to 20 miles.—Twenty fish, or 40°8 per cent., were found at distances of from 
11 to 18 miles, 6 males (2671 per cent.), with an average of 14-7 miles, and 14 females 
(53°8 per cent.), with an average of 14°5 miles. Five of the males and 5 of the 
females went to the north and east, 1 of the males and 9 of the females to the north 
and west. 

Thus, 22 fish, or 44-9 per cent., were got at distances under 20 miles, 7 males 
(30-4 per cent.), with an average of 13°6 miles, and 15 females (57°7 per cent.) with an 
average of 14 miles. 

20 to 50 miles.—Twenty-four fish, or 48°9 per cent., migrated from 20 to 44 miles, 
14 males (60°9 per cent) with an average of 32°4 miles, and 10 females (38°5 per 
cent.), with an average of 30°5 miles. Eleven of the males and 5 of the females went 


285 


to the north and west, 2 of the males and 2 of the females to the north and east, 
1 male and | female to the south and west, and 2 females to the south and east. 

50 to 100 miles.—Three, or 6:1 per cent., were found within these limits, 2 males 
(8-7 per cent.), with an average of 74:25 miles, and 1 female (3°8 per cent.), which 
went 63°5 miles. The female and one of the males were found on the north coast 
to the north and west, and 1 male to the south and east, off Tod Head. 


MaATuRITY. 


Males.—The condition of the testes was ascertained in 16 of the 27 recaptured. 
Two were “‘ spawning,” both taken in February 1913, to the north and west, 1 at 
44 and the other at 24 miles distant. Seven were described as “ripe,” 1 caught 
in January 1913, on the north coast, off Dunnet Head, at a distance of 603 miles 
to the north and west ; 2in February 1913, 32 miles and 42 miles to the north 
and west; 1 in March 1913, 40 miles to the north and west; 1 in April 1913, 
14 miles to the north and east, 1 in February 1914, 38 miles to the north and west, 
and one in November 1912, 27 miles to the north and west. Three were said to be 
“nearly ripe,” all taken to the north and east, 1 in October, at a distance of 11 miles, 
lin November, at 20 miles, and 1 in December 1912, at a distance of 16 miles. 

Females.—Of the 28 females recaptured, the condition of the ovaries was 
recorded only for 12. One was described as “ripe ” ; it was taken in August 1913, 
14 miles to the north and west. One was “spent”; it was taken in April 1913, 
113 miles to the north and east. Seven were “nearly ripe”; 3 were found in 
October 1912, at 11, 18, and 29 miles to the north and east ; 3 were recovered in 
November 1912, 1 at 14 miles north and east, 1 at 28 miles to the north and west, 
and 1 at 32 miles to the south and east; 1 was recaptured in December 1912, 
15 miles to the north and east. 


EXPERIMENT VII. 
21st November 1912. 


In this experiment, 51 plaice, viz. 26 males, 24 females, and 1 of unknown sex, 
were marked and hberated at 58° 10’ N.; 2° 35’ W. The males measured from 22 
to 39°5 cm., and 9 were under adult size on liberation ; the females ranged from 
24°5 to 46 cm., and 17 were under adult size when liberated. 

‘A The numbers liberated and recaptured, arranged in 5-cm. groups, are as 
follows : . 


cm. cm. cm. cm. cm. 
7 25-30°5 31-35°5 36-40°5 41-455 46-50°5 Total. 
‘ils 7] a : : Zh 6 0 — 1 24 
F. Recap. : : 2 2 8 _— — 12 
M. Lib. . : : 5f 13 8 _ — 26 
M. Recap. : : 1 8 6 — —- 15 
P hib:, —. : : os = 1 — a 1 
? Recap. -= _ -- a 0 
* One at 24-5 em. t One at 22 cm. 


The fish used in the experiment were trawled by the ‘‘ Goldseeker”’ in the 
Dornoch Firth on the 21st November, and were liberated later on the same day. 

The number recaptured was 27, or 52-9 per cent., viz. 15 males (57:7 per cent.) 
and 12 females (50 per cent.). All the males recaptured were of adult size, ranging 
from 33:3 to 44-6 cm., and averaging 37-3 cm., as against a range of from 25°5 to 
39°5 cm. and an average of 34:6 cm. on liberation ; they were at liberty for from 0 
to 830 days, the mean being 194 days; they travelled distances of from 11 to 58 
miles, the average being 27:7 miles, and the mean rate 1-4 miles. Six of the females 
were of adult size on recapture, averaging 41:2 cm., as against 38°6 cm. on |ibera- 
tion ; they were at liberty for a mean period of 218 days, and migrated distances 
of fom 123 to 494 miles, at a mean re of 1-6 miles. Six were under adult size, 
averaging 30. 5 cm., against 32°1 cm.: they were free for a mean period of 120 
days, and moved from 8 to 45 miles, the average being 22-2 miles. and the mean 
rate 1-9 miles, 


286 


Tur ExtTENT AND DIRECTION OF MIGRATION. 


First Quarter—Two males and a female were recaptured in November, the 
female and | of the males to the north and east, at 144 and 15 miles, and the other 
male in the Dornoch Firth, 38 miles to the south and west. 

Two males were taken in December, both at the same place, on the north coast, 
off Dunnet Head, at a distance of 58 miles to the north and west, the rate of move- 
ment, per 10 days, in these cases being 41-4 miles. 

A male and a female were recaptured in January 1913, the female 8 miles to the 
north and east, and the male near Tarbet Ness, 37 miles to the south and west. 

In February, a male was taken to the north of Kinnaird Head, 24 miles to the 
south and east, and a female 84 miles to the north and west, off Clythness. 

In this quarter, including the 3 taken in November, 9 of the marked plaice, or 
33'3 per cent., were recaptured, 3 to the north and east, 3 to the north and west, 
2 to the south and west, and | to the south and east. 

Second Quarter —In March 1913, 3 males and 3 females were found, the males 
all to the north and west, at 11, 17, and 18 miles, off Clythness ; 1 of the females 
was taken 124 miles to the north and west, another in the Dornoch Firth, 45 miles 
to the south and west, and the third to the northwards, off Auskerry, Orkneys, 
at a distance of 493 miles to the north and east. 

In April, 1 male and 3 females were taken, 1 of the females in the “ Moray 
Firth,” precise position unknown, another near Banff, 29 miles to the south and 
west, and the third at Burghead Bay, 384 miles to the south and west ; the male 
was recaptured 17 miles to the north and west, off Noss Head. 

Tn May, a male and a female were taken to the north and west, the male at a 
distance of 18 miles and the female at 11 miles. 

Twelve, or 44:4 per cent., were recaptured in this quarter, the positions being 
known for 11, or 40:7 per cent. ; of those, 7 (63°6 per cent.) were got to the north and 
west, 3to the south and west. and | to the north and east. 

During the remainder of the 12 months, only a single fish was recovered, a male, 
23 miles to the north*and west, so that, in the 12 months following liberation, 
the number recaptured was 22, or 81°5 per cent., the positions bemg known for 
21, or 77:7 per cent., of which 11 (52-4 per cent.) were found to the north and west, 
5 (23:8 per cent.) to the south and west, 4 to the north and east, and 1 to the south 
and east. 

Of the 5 remaining plaice, 4 were taken in 1914 and 1 in 1915. A male anda 
female were found in February 1914, the male 20 miles to the westwards, in the 
direction of the Dornoch Firth ; the female is described as having been taken at 
““Klem Ness,” Moray Firth, which possibly means Clyth Ness. In March, a male 
was recaptured 23 miles to the north and west, and a female 29 miles to the south 
and west, near Tarbet Ness. In March 1915, a male was taken near Tarbet Ness, 
at the mouth of the Dornoch Firth, 39 miles to the south and west. 

Distances travelled—10 miles and under.—Two fish, or 8 per cent., were recap- 
tured under 10 miles, both being females (20 per cent.), 1 taken to the north and 
east, and the other to the north and west. 

10 to 20 miles —Nine of the marked plaice, or 36 per cent., were found at dis- 
tances of from 11 to 18 miles, 6 males (40 per cent.), with an average of 16 miles, and 
3 females (30 per cent.), with a mean of 12°8 miles. Five of the males and 2 of the 
females were found to the north and west, 1 of the males and 1 of the females to 
the north and east. 

Thus, 11 fish, or 44 per cent., were taken under 20 miles, 6 males and 5 females. 

20 to 50 miles.—Twelve, or 48 per cent., were taken at distances of from 204 
to 491 miles, 7 males (46°6 per cent.), with an average of 29-2 miles, and 5 females 
(50 per cent.) with a mean of 38:3 miles. Three of the males and 4 of the females 
were recaptured to the south and west, 2 of the males to the north and west, a male 
to the south and east, and another directly west, and a female to the north and east. 

50 10 100 miles.—Two males were taken on the north coast, each at a distance of 
58 miles. 

MATURITY. 

Males.—The condition of the testes was recorded for 8 of the 15 recaptured. 

Four were “spawning”; 1 was taken in February 1913, north of Kinnaird Head, 


6 


287 


24 miles to the south and east : 1 was got mn March 1913, 18 miles to the north and 
west, south of Clyth Ness, and 1 in March 1915, 39 miles to the south and west, at 
the entrance to the Dornoch Firth ; the fourth was recovered in February 1914, 
20 miles to the west, south-east of Berriedale Ness. One was described as 
“ripe” ; it was taken in December 1912, off Dunnet Head, on the north coast, at a 
distance of 58 miles to the north and west. One, recaptured in January 1913, near 
Tarbet Ness, 37 miles to the south and west, was “‘ nearly ripe.” 

Females.—The condition of the ovaries was described in 4 of the 12 recaptured. 
All were “‘ immature.” 


EXPERIMENT VIII. 
27th March 1913. 


In this experiment, 30 plaice were marked and liberated at 58° 10’ N.; 2° 35’ W., 
viz. 9 males and 21 females. The males measured from 31°5 to 36:5 em., and 
2 were under adult size. The females measured from 32 to 44:5 em., and 15 
were under adult size. 

The numbers liberated and recaptured, arranged in 5-cm. groups, were as 
follows :— 


cm. em. cm. 
31-35°5 36—40°5 41—45°5 Total. 
F. Lib. , : 5 13 3 21 
F. Recap. . 4 : 2 2 1 5 
MEibs. |=: F : 8 1 _ 9 
M. Recap. . ; 4 1 — 5 


The fish used were taken by the “‘ Goldseeker ” in the Firth of Forth, at Station 
VI., off St. Monans, on the afternoon of the 26th March, and they were liberated, 
after 21 hours in running water, all being in good condition. 

The number recaptured was 10, or 33:3 per cent., 5 mates (55°5 per cent.) and 5 
females (23°8 per cent.). Four of the males were of adult size, averaging 38°3 cm. 
as against 33-6 cm. on liberation ; they were at liberty for a mean period of 329 
days, and migrated from 22 to 92 miles, the average being 65:2 miles, and the mean 
rate was 2 miles. Three of the females were of adult size, averaging 42-1 cm., as 
compared with 39°3 em.; their periods of freedom averaged 177 days, and they 
travelled from 16 to 20 miles, the mean being 18 miles, and the average rate -9 
mile, 


THE EXTENT AND DtrREcTION OF MIGRATION. 


A male and a female were recaptured in April, the male 10 miles to the north 
and east, and the female 13 miles to the north and west, off Berriedale Ness. A 
female was taken in June, 17 miles to the north and east, and in July another female 
was found, but its exact position was not ascertained. Ia September, = male 
went 18 miles W.N.W. of Stack Skerry (Lat. 59° 3’ N.; Long. me 5’ W.), 924 miles 
to the north and west. Two females were taken in October, relG miles c the 
south and west, and the other 20 miles to the north and east. 

In March 1914, 2 males were recaptured, 1 by a foreign frawler in the “‘ Moray 
Firth,” and the other 8 miles EK. by N. of Sule Skerry (Lat. 59° 15’ N.; Long. 
4° 30’ W. ) 80 miles to the north and west. The last fish to be recaptured was a male, 
in June 1914, 22 miles to the north and west. 

Distances travelled.—None was taken under 10 miles from the station, but: bety een 
10 and 20 miles there were 4, or 50 per cent., 1 male and 3 females, the male 
and 1 of the females to the north and east, afemale to the north and west, and 1 to 
the south and west. ‘Two were caught between 20 and 50 miles, a male 22 miles 
to the north and west, and a female 20 miles to the north and east. Two migrated 
between 50 and 100 miles, both males, which moved to the north and then west- 
wards, distances of 80 and 924 miles. 
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MaTourRITY. 


The condition of the testes was not ascertained in any of the males recaptured ; 
the condition of the ovaries of 3 of the females was recorded. One, taken in 
October 1913, 20 miles to the north and east, was “nearly ripe’; the others were 
‘* immature.” 

EXPERIMENT IX. 


27th March 1913. 


On the same day, 72 plaice, consisting of 22 males, 48 females, and 2 of un- 
known sex, were liberated at 58° 10’ N.; 2°30’ W. They were part of the lot taken 
in the Firth of Forth on the previous day. The males measured from 29°5 to 375 
cm., and 9 were under adult size on liberation ; the females measured from 31 to 43 
em., and 31 were under adult size on liberation 

The numbers liberated and recaptured, arranged in 5-cm. groups, are as 
follows :— : 


cm. em. cm. cm. 

25-30°5 31-35°5 36—40°5 41-45°5 Total. 
Be, Rab. : : = 24 Ue) 5 48 
i. Recah. : BSE 10 12 4 26 
M. Lib. ; 2 16 4 — 22 
M. Recap. . ‘ 1 8 2 = 11 
?Tib. . : — 2 = = 2 
% Recap. : — = — = 0 


The number recaptured was 37, or 51:4 per cent., 11 males (50 per cent.) and 
26 females (54:2 per cent.). All the males were of adult size when recaptured, 
measuring from 34 to 42°5 cm., and averaging 36°3 cm., as compared with a range 
of from 29°5 to 37°5 cm., and an average of 33°5 cm. on liberation ; they were at 
liberty for from 24 to 485 days, the mean being 199 days ; they travelled from 138 to 
39 miles, the average being 23°5 miles, and the mean rate 1:1 miles. Twenty of 
the females were of adult size, averaging 43°5 cm., and ranging from 38°7 to 51°3 cm.., 
as against a range of from 32°5 to 43 cm., and an average of 38-2 cm. on liberation ; 
they were free for from 6 to 1098 days, the average being 310 days; they migrated 
from 7 to 69 miles, the mean being 25-7 miles, and the mean rate *8 mile. Six of 
the females were under adult size, the average being 34 cm., as compared with 
34:2 cm. on liberation; they were at liberty for a mean period of 30 days, and 
travelled from 13 to 45 miles, the mean being 19°3 miles, and the mean rate 6:3 
miles. 


THe EXTENT AND DIRECTION OF MIGRATION. 


First Quarter —One male and 6 females were recaptured in April; the position 
of the male was recorded merely as “ Moray Firth”; all the females were taken 
to the north and west, at distances of from 103 to 19 miles, mostly towards Clyth 
Ness, or Berriedale Ness. 

Two males and 3 females were recaptured in May, 1 male 14 miles to the north 
and west, and the other 30 miles to the south and west, near Buckie; 2 of the 
females were taken to the north and east, at 13 and 14 miles, south-east of Noss 
Head ; and the third was caught in Burghead Bay, 45 miles to the south and west. 

None was taken in June, so that the total recaptures in the first quarter were 
12, or 32-4 per cent., the place of capture being known for 11, or 29-7 per cent. ; 
of those, 7 were taken to the north and west, and 2 each to the north and east and 
south and west. 

Second Quarter.—In July, a female was taken near Noss Head, 24 miles to the 
north and west, and in August 2 females at 7 and 9 miles to the north and east. 

Two males and a female were taken in September, the place of capture of the 
female being somewhat uncertain, but it was landed at Cromarty, in the Moray 
Firth ; the males were taken together, 14 miles to the north and west, south-east 


of Clyth Ness. 
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Six, or 16-2 per cent., were taken in this quarter, the position being known for 
5, of which 3 were taken to the north and west, and 2 to the north and east. 

Third Quarter—A male and 3 females were taken in October, the male 15 mile; 
to the north and west, and 2 of the females at 25 miles to the north and-west, near 
Noss Head ; the third female was caught north-east of Kinnaird Head, 29 miles to 
the south and east. 

Two males were recaptured in November, 34 miles to the north and west, off 
Brora. 

In this quarter, 6 fish, or 16-2 per cent., were taken, 5 to the north and west, and 
1 to the south and east. 

Fourth Quarter.—In January 1914, a female was taken 7 miles to the north and 
west, and in February, 2 females, one near Tarbet Ness, 33 miles to the south and 
west, and the other on the north coast, off Dunnet Head, 48 miles to the north 
and west. 

One male and 4 females were caught in March; the place of capture of one 
of the females was not recorded ; all the others were taken to the north and west, 
one off Berriedale Ness, at a distance of 15 miles; the other 2 females were 
recovered on the north coast, off Strathie Point, at distances of 68 and 69 miles. 

In this quarter, 8 fish, or 21-6 per cent., were recaptured, the position being 
known for 7 (18-9 per cent.), and 6 of those were found to the north and west, and 
1 to the south and west. 

Altogether, within the 12 months after liberation, 32 of the marked plaice, or 
86°5 per cent., were recaptured, the position being known for 29 (78-4 per cent.), 
of which 21 (72-4 per cent.), were found to the north and west, 4 to the north 
and east, 3 to the south and west, and 1 to the south and east. 

Of the remaining 4 fishes which were recaptured, a female w.s taken in May 
1914, 18 miles to the north and east, a male in July 39 miles to the south and west 
near Tarbet Ness, and 2 females in March 1916, one 17 miles to the north and west, 
and the other, after 1098 days, close to Clyth Ness, 24 miles to the north and west. 

Distances travelled—10 miles and under.—Three fish, or 8°8 per cent., were taken 
under 10 miles, all females (12°5 per cent.), with an average of 8 miles ; two went 
to the north and east, and 1 to the north and west. 

10 to 20 miles.—Sixteen, or 47 per cent., were recaptured at distances of from 
103 to 19 miles, 5 males (50 per cent.), with an average of 14 miles, and 11 females, 
(45°8 per cent.), with an average of 15 miles ; all the males and 8 of the females were 
found to the north and west, and 3 of the females to the north and east. Thus, 
19, or 55-9 per cent., were recaptured at distances under 20 miles, 5 males, with an 
average of 14 miles, and 14-females (58°3 per cent.), with a mean of 13-4 miles. 

20 to 50 miles.—Thirteen, or 38°2 per cent., were recaptured at distances of from 
from 24 to 484 miles, 5 males (50 per cent.), with an average of 33-1 miles, and 8 
females (33°3 per cent.), with a mean of 31°7 miles; 3 of the males and 5 of the 
females were found to the north and west; 2 of the males and 2 of the females to 
the south and west, and 1 female to the south and east. 

50 to 100 miles.—Two fish, or 5‘9 per cent., were got between these distances ; 
both were females (8°3 per cent.), which were taken on the north coast, at 68 and 
69 miles respectively. 


MatTurRITy. 


Males.—The condition of the testes was ascertained in only 1 case; it was 
“Immature.” 

Females.—The condition of the ovaries was recorded for 11 of the 26 females 
taken. Two were “spawning,” one in March 1914, on the north coast, at a distance 
of 69 miles, and the other in March 1916, 24 miles to the north and west, near 
Clyth Ness. One was described as “ripe”; it was caught in February 1914, on 
the north coast off Dunnet Head, 48 miles to the north and west. Two were 
described as “spent,” one found in March 1914, on the north coast, at a distance 
of 68 miles to the north and west, and the other in May 1914, 18 miles to the north 
and east, off Rattray Point. 
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EXPERIMENT X. 
11th November 1913. 


In this experiment, 100 plaice were marked and liberated at 58°10’ N.; 3°2’ W., 
viz. 51 males and 49 females. The males measured from 23°5 to 46 cm., and 13 were 
under adult size; the females ranged from 25 to 55 cm., and 14 were under adult 
size on liberation. 

The numbers liberated and recaptured, arranged in 5-cm. groups, were as 
follows :—- 


cm. cm. cm. cm. cm. cm. ; 

25-30°5 31-35°5 36-405 41-455 46-50°5 51-55°5 Total. 
F. Lib. : ‘ if 4 14 12 9 3 49 
F. Recap... i 1 3 8 2 2 2 18 
M. Lib. : : hz 6 18 Ly 1 — 51 
M. Recap... d == 1 6 ¥) — — 16 


* One at 23°5 cm. 


The fish used in this experiment were taken by the ‘“‘ Goldseeker”” in Burghead 
Bay, on the same day as they were liberated. 

The number recaptured was 34, or 34 per cent.—-a very small proportion— 
viz. 16 males (31:4 per cent.) and 18 females (36-7 per cent.). All the males recap- 
tured were of adult size, measuring from 38°8 to 44 cm., and averaging 41-4 cm., as 
compared with a range of from 32°5 to 43-5 cm. and a mean of 41:2 cm. on libera- 
tion ; they were at liberty for from 87 to 822 days, the mean being 186 days ; they 
migrated distances of from 3 to 284 miles, the mean being 18°3 miles, and the 
average rate ‘9 mile. Of the females, 14 were of adult size, measuring from 38 to 
55-2 cm., the average being 44°1 cm., as against a range of from 35°5 to 55 cm., and 
an average of 43 cm. on liberation ; they were at liberty for from 89 to 695 days, 
the average being 217 days: they travelled distances of from 4 to 277 miles, the 
mean being 60°4 miles, and the average 1ate 2'8 miles. 


Tue EXTENT AND DIRECTION OF MIGRATION. 


First Quarter.—Only 1 fish was recaptured in this quarter, a male, which was 
taken in January 1914, 44 miles to the north and west. 

Second Quarter.—-Kight males and 3 females were taken in February, but the 
place of capture of 1 male was unknown. Of the other 7, 6 were found to the 
south and west, 1 at 11 miles, and 5 near Tarbet Ness, at the entrance to the 
Dornoch Firth, at distances of 24, 26, and 27 miles; the remaining male was 
captured farther to the north, south-east of Berriedale Ness, at a distance of 
11 miles ; the 3 females were all taken tothe south and west, 2 to the east of Tarbet 
Ness, at distances of 21 and 29 miles, and 1 at Burghead, at a distance of 28 miles. 

Four males and 4 females were taken in March ; the place of capture of 1 of 
the males was unknown ; 2 were taken to the south and west, at Burghead, and 
near Tarbet Ness, distances of 28 and 25 miles; the remaining male was taken 
on Smith Bank, 34 miles to the south and east ; 2 of the females were recaptured 
to the south and west, at Burghead, distances of 29 and 34 miles; 1 was taken 
4 miles to the north and west, and 1, 63 miles to the north and east. 

Three females were recaptured in April, 1,5 miles to the north and west 1. 
27 miles to the south and west, off Tarbet Ness, and 1,16 miles south of Sule Skerry, 
off the north coast, 76 miles to the north and westwards. 

In this quarter, 22 of the marked plaice, or 64-7 per cent., were recaptured, 
the place being known for 20 (58°8 per cent.), and of those, 14, or 70 per cent. were 
taken to the south and west, at an average distance of 26 miles, in the mean direction 
8. 63° W., 3 to the north and west, 2 to the north and east, and 1 to the south and 
east. 

- Third Quarter—Three females were taken in May, all to the northwards, 1 
close to Noss Head, 19 miles to the north and east, 1 at the Pentland Skerries, 
37 miles to the north and east, and the third on the west coast of Scotland, 7 miles 
W.S.W. of Dubh Artach (Lat. 56° 3” N.; Long. 6° 47’ W.), a distance of 277 miles, 
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first to the northwards, then westwards, and then southwards; in this case the 
mean rate of movement, per 10 days, was 16‘1 miles. 

Two females and a male were taken in June, the male 10 miles to the north 
and east, both females to the north and west, at distances of 18 and 25 miles to 
the south of Berriedale Ness. 

In this quarter, 6 fish, or 17°6 per cent., were recaptured, 4 to the northwards, 
and 2 to the westwards and northwards. 

Fourth Quarter—None was recovered during this period, so that the total for 
the year was 29, or 85°3 per cent., the position being known for 27, or 79°4 per 
cent., of which 6 had moved towards the north and east, 6 to the north and west, 
14 to the south and west (51°8 per cent.), and 1 to the south and east. 

Of the remaining fish, 3 were taken in 1915, and 1in 1916. In February 1915,a 
female was caught on the bank opposite “ Traigh Mhor,” Arisaig, on the west 
coast of Inverness (Lat. 55° 56’ N.; Long. 5° 54’ W.), and landed at Oban ; the 
distance migrated was 217 miles, and the mean rate of movement 4°7 miles. 
In March a male was recaptured 5 miles to the north and west, andin October, a 
female, at Burghead, 34 miles to the south and west. The last fish to be taken, 
a male, was found in February 1916, after 822 days, off Brora, in the Dornoch 
Firth, 26 miles to the south and west. One of the marked plaice, a male, was 
landed at Hull, in March 1914, and said to have been caught “off East Horne, 
Iceland.” 

The chart showing the lines of migration represents the great majority of the 
fish as having moved to the south and west, from the south of Berriedale Ness to 
a little east of Burghead. Hight were taken in the Dornoch Firth, or near it, and 
5 in the vicinity of Burghead. 

Distances travelled—10 miles and under.—Seven, or 22°6 per cent., were found 
at distances of from 34 to 10 miles, 4 males (28°6 per cent.), with an average of 
5-7 miles, and 3 females (17°6 per cent.), with an average of 5:2 miles; 2 of the 
males and 2 of the females were found to the north and west, 1 male and 1 female 
to the north and east, and a male to the south and east. 

10 to 20 miles.—Four, or 12°9 per cent., were taken at distances of from 11 to 
19 miles, 2 males (14°3 per cent.), with an average of 11 miles, and 2 females (11-8 per 
cent.), with an average of 18-75 miles; a male and a female were got to the north 
and west, a male to the south and west, and a female to the north and east. 

Eleven, or 35°5 per cent., were thus recaptured under 20 miles, 6 males (42°8 per 
cent.), with a mean of 7°5 miles, and 5 females (29°4 per cent.), with a mean of 
10°6 miles. 

20 to 50 miles.—Seventeen, or 54°8 per cent., moved from 213 to 37 miles, 
8 males (57'1 per cent.), with an average of 26°4 miles, and 9 females (52°9 per cent.), 
with an average of 29°5 miles; all the males and 7 of the females were found to 
the south and west, and 1 female to the north and east, and 1 to the north and 
west. 

50 to 100 miles.—One fish, or 3:2 per cent., was got at a distance of 76 miles 
to the north and then west ; it was a female (59 per cent.). 

Over 100 miles.—Two, or 6°45 per cent., were taken on the west coast, both 
females (11°8 per cent.), at 217 and 277 miles respectively. 


MATURITY. 


Males.—The condition of the testes was recorded for 10 of the 16 recaptured. 
Of these, no less than 7 were described as “spawning”; 6 were recaptured in 
February 1914, 5 to the south and west, 1 at a distance of 11 miles, and 4 at the 
‘outer part of the Dornoch Firth, 24, 26, 27, and 27 miles distant ; the fifth was 
taken 11 miles to the north and west, south of Berriedale Ness; 1 was got in 
March 1914, near Tarbet Ness, at the mouth of the Dornoch Firth ; all these males 
were well over adult size, measuring from 38°8 to 42°7 cm. ; 1 was found in January 
1914, 44 miles to the north and west, and was described as “nearly ripe,” and 
another, caught in February 1914, was “spent,” but the place of capture was not 
ascertained. 

Females.—The condition of the ovaries was recorded in 9 of the 18 recaptured. 
None was “spawning” or “ripe.” Four werc described as “spent,” 1 in March 
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1914, 34 miles to the south and west, near Burghead, 1 in April 1914, 274 miles 
to the south and west, in the Dornoch Firth, another in May 1914, taken at Dubh 
Artach, on the west coast of Scotland, at a distance of 277 miles, and the fourth 
in October 1915, 34 miles to the south and west, near Burghead. A female, 
measuring 40-40°8 cm., was taken in March 1914, 64 miles to the north and east, 
and was ‘‘ immature.” 


Experiments 15 Mitzs E. 3 N. or Tarser Ness, Moray Firra. 


On three occasions, marked plaice were liberated at a position 15 miles E. $ N. 
of Tarbet Ness (57° 58’ N.; 3° 21’ W.), the depth of water being 21 fathoms. 


| Liberated. Recaptured. ee a 
Place. Date. aa ; 
\ ds} Ge! (2) -“Datal.\ ¢ 1 Q. | (2) )| Potala name 
pe a = Se et | ikea 2 = 
15’ E. 4 N. of Tarbet Ness, |14 Mar.1911.| 21, 29)... 50 9 ; 10}... | 19 |42-9|34-5 
(Moray Firth). | | | | 
19 April1911.| 20; 26|...| 46 | 12] 9]... | 2% |60° | 34-6 


15 Sept..1911.| 60) 65)... | 125 30] 38 |... | 63 | 50: -|50-8] a. 


Totals.|101 120)... 221 51 | 52 we 1108 150° 


EXPERIMENT I. 
14th March 1911. 


The first experiment was made on 14th March 1911, when 50 marked plaice 
were liberated. They comprised 21 males, varying from 17 to 32°5 em. in length, 
all being under adult size, and 29 females, ot from 22 to 53°5 em., of which 24 were 
under adult size. 

The fish used in this experiment were taken in the Dornoch Firth on the same 
day. 

The number recaptured was 19, or 38 per cent., namely 9 males (42-9 per cent.) 
and 10 females (34:5 per cent.). Six of the males were of adult size, averaging 
37-35 cm.; they had been at hberty for an average period of 475 days, and had 
migrated from 13 to 116 miles, the mean being 42°5 miles. Three of the males 
were under adult size on recapture, averaging 27:2 cm., and being at liberty for a 
mean period of 39:6 days, having travelled a mean distance of 17-6 miles. Three 
of the females were of adult size, averaging 44:5 cm. ; they were free for an average 
period of 522 days, and had travelled a mean distance of 77:6 miles. Seven of the 
females were under adult size, averaging 32°9 cm. ; they were at liberty for a mean 
period of 154 days, and had moved an average distance of 18:2 miles. 


THe Extent AND DrReEcTION oF MIGRATION. 


First Quarter—Three males and 4 females were taken in April 1911, 2 of the 
males off Embo Point, at 18 and 19 miles distant, and the third off Tarbet Ness, 15 
miles to the south and west ; 1 of the females was found in the Dornoch Firth, 
18 miles to the north and west : another 2 miles off Golspie, also 18 miles to the 
north and west ; the third off Burghead, 7} miles to the south and west ; and the 
fourth east of Clyth Ness, 27 miles to the north and east. 

Thus, 7, or 36-8 per cent., were taken in the first quarter, 4 to the north and 
west, 2 to the south and west, and 1| to the north and east. 

Second Quarter—In this period, only 1 fish was recaptured, a male, caught in 
August off Embo Point, 20 miles to the north and west. 

Third Quarter—One was taken in November, a female, at an unspecified 
locality in the Moray Firth. . 
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Fourth Quarter —In the fourth quarter, 3 fish were recaptured, a male in De- 
cember, on Smith Bank. 20 miles to the north and east. In January 1912, a female 
was taken 13 miles to the south and east, and in February 1912, another female 
off Golspie, 18 miles to the north and west. ; 

In the 12 months following liberation, 12 fish, or 63-2 per cent., were recovered, 
positions being known for 11, of which 6 were taken to the north and west, 2 each 
to the north and east and south and west, and 1 to the south and east. 

Of the remaining fish, 5 were found in 1912, 1 in 1913, and 1 in 1914. 

In March 1912, a male was caught at an unspecified position in the Moray 
Firth. In April, another male was got in the Moray Firth, also at a position un- 
recorded, and a female 19 miles to the north and west, off Dunrobin Castle. A 
female was taken in June, 84 miles to the north and east, off Start Point, Orkney. 
The next fish to be recaptured was a male, which was taken in November 1912, 
in the Dornoch Firth, 13 miles to the north and west ; then, a female in May 1913, 
off Foula, 136 miles to the north and east ; and the last, a male, in January 1914, 
after 1028 days, 8 miles south-west of Cape Wrath, at a distance of 116 miles. 

Distances travelled—10 miles and under.—Only 1, or 6°25 per cent., was got 
within this distance, a female (11-1 per cent.) taken 74 miles to the south and west. 

10 to 20 miles.—Nine, or 56°25 per cent., were found at distances of from 13 to 
194 miles, viz. 4 males (57:1 per cent.), with an average of 16°5 miles, and 5 females 
(55:5 per cent.), with a mean of 17-5 miles. Three of the males and 4 of the females 
were found to the north and west. 1 male to the south and west, and | female to the 
south and east. 

Thus, 10, or 62-5 per cent., were recaptured within distances of 20 miles, 4 
males and 6 females. 

20 to 50 miles —Three, or 18°75 per cent., were found at distances of from 20 to 
27 miles, 2 males (28°6 per cent.), 1 to the north and east, and 1 to the north and 
west, and a female to the north and east. 

50 to 100 miles.—Only 1, a female, was taken within these limits, 84 miles to the 
north and west, off Start Point, Orkneys. 

Over 100 miles—A male was taken off Cape Wrath, at a distance of 116 miles, 
and a female at Foula, Shetland, at a distance of 136 miles to the north and west. 


MATURITY. 


Males.—The condition of the testes was ascertained in 4 out of the 9 recaptured, 
None was “spawning” or “ripe,” but 1, caught in January 1914, near Caps 
Wrath, at a distance of 116 miles, was “ nearly ripe.” 

Females.—The condition of the ovaries of 5 of the 10 recovered was recorded. 
The nearest to the ripe condition was 1, “ three-quarters ripe,” taken in January 
1912. 13 miles to the south and east. 


EXPERIMENT II. 
19th April 1911. 


In this experiment, 46 marked plaice were liberated, at the same position as in 
Experiment I., 15 miles E. } N. of Tarbet Ness, viz. 20 males and 26 females. The 
males ranged in size from 24°5 to 44-5 cm., and 12 were under adult size ; the sizes 
of the females were from 24 to 62 cm., and 12 were under adult size on liberation. 

The fish were taken by the “ Goldseeker ” in the Dornoch Firth on the 17th 
April, and kept in tubs until the 19th, owing to rough weather ; only | of the fish 
died in the interval. 

The number recaptured was 21, or 45-7 per cent., viz. 12 males (60 per cent.) 
and 9 females (34-6 per cent.). Nine of the males were of adult size, averaging 
39 cm., and ranging from 34:6 to 45°5cem. ; they were free for from 170 to 1073 days, 
the mean period being 368 days ; they travelled an average distance of 51-6 miles, 
the mean rate being 1-3 miles. Three were under the adult size on recapture, 
averaging 32:1 cm.; they were free for a mean period of 236 days, and travelled 
an average distance of 12-3 miles, at a mean rate of -5 mile per 10 days. Six of the 
females were of adult size, varying from 39-5 to 52°8 cm., and averaging 47:1 em. ; 
they were at liberty for a mean period of 478 days, and had moved an average 
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distance of 15:9 miles at the mean rate of °3 mile. Three were below the adult size, 
averaging 32°5 cm., and were free fora mean period of 191-6 days. 


THE ExtTENT AND DIRECTION oF MIGRATION. 


First Quarter.—Only 1 fish, a male, was taken in this quarter, viz. in May, 163 


miles to the south and west, near Portmahomack. 

Second Quarter.—In September, a female was got at an unspecified place in the 
Moray Firth, and in October, a male off Burghead, 154 miles to the south and west. 

Third Quarter —Two females were found in November, 1 at an unspecified place 
in the Moray Firth, and the other in the Dornoch Firth, 23 miles to the westwards. 
A male was taken in December, at Smith Bank, 18 miles to the north and east, 
and another male in January 1912, recorded as caught in the “ Moray Firth.” 
Only 4, therefore, were recaptured in this quarter. 

Fourth Quarter —Three males and 2 females were recaptured in February 
1912, 2 of the males and the 2 females to the north and west, at distances of from 12 
to 19 miles, a female and 1 of the males in the Dornoch Firth, close inshore, and 1 
of the males south-west of Berriedale Ness ; the remaining male had taken a long 
journey, and was recaptured 16 miles W.S.W. of Cape Wrath, at a distance of 1314 
miles. Three males were taken in March, all to the northwards, 1 at a distance 
of 9 miles, off Berriedale Ness, 1 off Strathie Point, Orkneys, at 85 miles, and the 
third on the north-west coast, 8 miles N.W. of Loch Inchard, at a distance of 128 
miles. A male was recovered in April, 113 miles to the north and west, at the 
mouth of the Dornoch Firth. 

In the 12 months following liberation, 16 of the marked plaice, or 76:2 per cent., 


were taken, positions being known for 13, or 61:9 per cent. ; 5 had moved to the ' 
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north and east, 5 to the north and west, 2 to the south and west, and 1 to the west. 

A female was recaptured in July 1912, 13 miles to the north and west, off Berrie- 
dale Ness. In February 1913, 3 females were taken, the position of capture of 1 
being unknown ; the other 2 were found to the north and west, in the Dornoch 
Firth, at 154and 17 miles. The last fish to be taken was a male caught in March 
1914, after 1073 days, only 74 miles distant, to the south and west. 

Distances travelled—10 miles and under.—Two, both males, were taken under 
10 miles, 1 to the north and east, and the other to the south and west. 

10 to 20 miles.—Hleven, or 64°7 per cent., were taken at distances of from 12 
to 19 miles, 6 males (54°5 per cent.), with an average of 14-7 miles, and 5 females 
(83°3 per cent.), with a mean of 15:9 miles ; 3 of the males and all the females were 
found to the north and west, 1 male to the north and east, and 2 to the south and 
west. 

20 to 50 miles —Only 1, a female, was recaptured within these limits, 23 miles 
to the westwards. 

50 to 100 miles—A male was taken 85 miles to the north and east. 

Over 100 miles.—Two males were recaptured on the west coast, 1 north and east 
of Cape Wrath, at a distance of 131 miles, and the other off Loch Inchard, at a 
distance of 128 miles. 

MATURITY. 


Males.—The condition of the testes was recorded for 3 of the 12 recaptured. 
One, caught in March 1914, after 1073 days, 7} miles to the south and west, was 
“ spawning,” and another, taken in March 1912, off Strathie Point, north coast, 
at a distance of 85 miles to the north and east, was “ ripe.” 

Females.—The condition of the ovaries was ascertained in 6 of the 9 recaptured. 
One was “‘ spawning’; it was taken in February 1913, 154 miles to the north and 
west, in the Dornoch Firth ; another, found in February 1912, 15 miles to the north 
and west, in the Dornoch Firth, was “ nearly ripe,” and the third, recaptured in 
February 1912, in the Dornoch Firth, at a distance of 19 miles to the north and west, 
was “ spent.” 

EXPERIMENT III. 


15th September 1911. 


In this experiment, 125 plaice were marked and liberated on the 15th September 
1911, 60 males and 65 females. The males ranged in size from 25 to 48 cm., and 
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33 were under adult size ; the sizes of the females varied from 23 to 58°5 cm., and 
42 were under adult size. 

The numbers liberated and recaptured, arranged in 5-cm. groups, were as 
follows :— 


em. em. em. em. em. em. em. cm. 
20-24°5 25-30°5 31-35°5 36-40°5 41-45°5 46-50°5 51-55°5 56-60°5 ‘Total. 
F. Lib. 2 19 16 14 5 3 4 2 65 
F. Recap. — 10 a 11 1 — 3 1 33 
M. Lib. _ 22 27 7 2 2 — — 60 
M. Recap. — 9 14 4 1 2 —- —- 30 


The fish were taken by the ‘“‘ Goldseeker ” in the Dornoch Firth on the 14th 
September ; they were marked between 3 and 4 p.m. and liberated next day between 
4 and 5 p.m.; none of the fish died while in the tanks. 

Twenty-four of the males were of adult size on recapture, ranging from 33 to 
47-3 cm., and averaging 37°8 cm. ; they were free for from 33 to 910 days, the mean 
being 299 days; they migrated distances of from 3} to 124 miles, the mean being 
26°6 miles, and the average rate ‘85 mile per 10 days. Six of the males were under 
adult size, averaging 30°3 cm., as compared with 29°5 cm. on liberation ; they were 
at liberty for from 35 to 176 days, the mean being 108 days, and they travelled 
distances of from 19 to 24 miles, the mean being 21 miles, and the average rate 
1‘8 miles. Fifteen of the females were of adult size on recapture, averaging 44:4 
em., and ranging from 39 to 58°3 cm., as compared with a range of from 36 to 58°5 
em. and a mean of 421 cm. on liberation ; they were free for from 141 to 583 days, 
the average being 242 days; they travelled distances of from 11 to 122 miles, the 
mean being 4271 miles, and the average rate 1°9 miles. Eighteen of the females 
were under adult size, averaging 32°8 cm., and ranging from 29 to 37°7 cm., as 
against a range of from 26 to 36 cm., and an average of 30°6 cm. on liberation ; 
they were at liberty for from 58 to 593 days, the mean period being 223 days ; 
they migrated distances of from 7 to 25 miles, the mean being 18°9 miles, and the 
mean rate ‘9 mile. 


THe EXTENT AND Drtrecrion or MIGRATION. 


First Quarter—Three males were recaptured in October, 1 at an unspecified 
position in the Moray Firth, and 2 far into the Dornoch Firth, at 204 and 21 miles 
to the north and west. Three males and 5 females were taken in November, a 
male and a female simply in the ‘“‘ Moray Firth ”’ at unspecified localities. One 
male and 3 females were found far into the Dornoch Firth, in the same region as 
those taken in October, at 20 miles to the north and west ; 1 male and 1 female were 
got south-east of Clyth Ness, at 164 miles to the north and east. In December, a 
female was caught on Smith Bank, 25 miles to the north and east. 

Thus, in this quarter, 12, or 19 per cent., were taken, the position-of capture 
being known for 9, or 14°3 per cent.; 6 were found to the north and west, and 
3 to the north and east; 6 of the fish, or 67 per cent., returned to the Dornoch 
Firth. 

Second Quarter —A female was recaptured in January 1912, far into the Dornoch 
Firth, off Embo, 20 miles to the north and west. In February, 9 males and 6 
females were taken, 7 of the males and 5 of the females in the Dornoch Firth, at 
distances of from 11 to 25 miles, and the other 3, 2 males and a female, at, or near, 
Smith Bank, 25 and 26 miles to the north and east. Five males and 6 females 
were recaptured in March, 1 female at an unspecified place in the Moray Firth, 3 
males and 2 females in the Dornoch Firth, at distances of from 11 to 21 miles, 1 
female close to Clyth Ness, 20 miles to the north and east, and a male to the south- 
east of Clyth Ness; another female was taken south-east of Berriedale Head, 14 
miles to the north and east, and another on the north coast of Scotland, off Strathie 
Point, at a distance of 80 miles. 

Twenty-seven were taken in the second quarter, or 42°8 per cent., the positions 
of all but 1 being known (41°3 per cent.) ; 15 were found to the north and west, 7 to 
a north and east ; 18 of the fish, or 69 per cent., had returned to the Dornoch 

irth. 
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Third Quarter.—One male and 5 females were recaptured in April, 1 female 
within the Dornoch Firth, off Embo, at a distance of 18 miles ; all the other fish 
had migrated to the north and east ; the male wastaken south-east of Noss Head, 
at a distance of 314 miles, 2 females farther north and nearer shore, at distances 
of 37 and 40 miles ; another female on the north coast, at Stormy Bank, a distance 
of 74 miles ; and the last on the west coast, 14 miles W.S.W. of Cape Wrath, ata 
distance of 122 miles. A male was taken in May north-west of Kinnaird Head, 33 
miles to the eastwards, and in June, a female, off the north coast, north-west of 
Stroma, 76 miles distant. 

Thus, in this quarter, 8 of the marked plaice, or 12°7 per cent., were recovered 
6 of them to the north and east. 

Fourth Quarter.— None was taken in July and August, but a male and 3 females 
were recaptured in September, all of them to the westward, within the Dornoch 
Firth, at distances of from 13 to 25 miles. 

Within 12 months of liberation, 51 of the marked plaice, or 80°9 per cent., were 
recaptured, the positions being known for 47, or 74°6 per cent. ; 25 (53:2 per 
cent.) were got to the north and west, 16 to the north and east, and 2 each to the 
south and east, south and west, and directly west. 

Ot the remaining fish recaptured, 2 were taken in the remainder of 1912, 8 in 
1913, and 2 in 1914. 

In October 1912, a female was taken in the Dornoch Firth, 18} miles to the 
north and west, and in December, a male, 3864 miles to the north and east, north- 
west of Rattray Head. 

In January 1913, a male was caught on the north coast, off Dunnet Head, ata 
distance of 66 miles. In February, a female off Clythness, 174 miles to the north 
and east ; in March, 2 males 34 and 5} miles distant, east of Tarbet Ness; and in 
April a male and 3 females, the male south and east of Clyth Ness, 224 miles to the 
north and east, | of the females 7 miles to the north and east, another at an un- 
specified place in the Moray Firth, and the third probably in the Dornoch Firth, 
as it was forwarded from Embo, but the place of capture was not ascertained. 

In February 1914, a male was taken off Lybster, Caithness, 13 miles to the north 
and east, and in March another male on the west coast, 16 miles W.S.W. of Cape 
Wrath, at a distance of 124 miles. 

Distances travelled—10 miles and under.—Three, or 5’3 per cent., were found at 
distances of 10 miles and under, viz. 2 males, with an average of 4°5 miles, to the 
south and west, and 1 female to the north and east. 

10 to 20 miles—Twenty-one, or 36-8 per cent., were recaptured at distances of 
from 11 to 194 miles, 10 males (35:7 per cent.), with an average of 14:05 miles, and 
11 females (37-9 per cent.), with a mean of 16 miles. Six of the males and 8 of the 
females were found to the north and west ; 2 males and 3 females to the north 
and east ; and 2 males to the south and west. 

Thus, 24 of the marked plaice, or 42-1 per cent., were recaptured at distances 
under 20 miles, 12 males and 12 females. 

20 to 50 miles.—Twenty-six, or 45°6 per cent., were recaptured at distances 
of from 20 to 403 miles, 13 males (46-4 per cent.), with an average of 25-1 miles, 
and 13 females (44°8 per cent.), with an average of 24:4 miles. Five of the males 
and 7 ol the females were found to the north and west ; 5 of the males and 5 of the 
females to the north and east ; 2 of the males to the south and east ; and 1 male 
and | female directly west. 

50 to 100 miles.—Five, or 8:8 per cent., were caught at distances of from 51 
to 80 miles, 2 males (7:1 per cent.), with an average of 58°5 miles, and 3 females 
(10:3 per cent.), with an average of 76°8 miles ; they all moved northwards along the 
coast. 

Over 100 miles—Two, or 3°5 per cent., were found at distances over 100 miles, 
a male anda female, both taken near Cape Wrath, at 124.and 122 miles respectively, 


MATURITY. 


_ Males.—The condition of the testes of 19 of the 30 males recaptured was ascer- 
tained. Two were “spawning,” | taken in January 1913, off Dunnet Head, north 
coast, at a distance of 66 miles, and the other in March 1914, near Cape Wrath, at 
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a distance of 124 miles. Four were “ripe,” 3 recaptured in February 1912, all 
at the mouth of the Dornoch Firth, at distances of 11, 11, and 154 miles, and 1 
in March 1912, in the same locality, at a distance of 154 miles. T'wo were described 
as “spent,” 1 found in March 1912, and 1 in February 1914, the former at the 
entrance to the Dornoch Firth, at a distance of 114 miles, and the other 13 miles to 
the north and east. Two were “nearly ripe,” 1 taken in February 1912, 26 miles 
to the south and east, and the other in December 1912, 36 miles to the north and 
east. 

Females.—The condition of the ovaries of 21 of the 33 females was recorded. 
One was “spawning”; it was caught in February 1913, off Clyth Ness, 17 miles to 
the north and east, and it measured only 37:7 cm., and would have been classified 
as under the adult size. Two were “ripe,” both caught in March 1912, 1, 11 miles 
to the north and west, and the other on the north coast, off Strathie Point, 80 miles 
distant. Three were “spent,” all got in April 1912, 1 off Noss Head, 37 miles to 
the northwards, another off the north coast, at Stormy Bank, at a distance of 
74 miles, and the third near Cape Wrath, on the west coast, at a distance of 122 
miles. 


EXPERIMENT NEAR BurGHEAD, Moray F irra. 
12th December 1913. 


On 12th December 1913, 100 plaice were marked and Jiberated off Burghead, 
on the south coast of the Moray Firth, at a position 24 miles N.W. by W. 3 W. 
(Lat. 57° 42’ N.; Long. 3° 34’ W.) in a depth of 6 fathoms. The males ranged in 
size from 38 to 46°5 em., and all were thus of adult size. The females varied from 
39 to 56 cm., all being of adult size. 

The numbers Jiberated and recaptured, arranged in 5-cm. groups, were as 
follows :— 


em. cm. cm. cm. cm. 
36—40°5 41-455 46-—50°5 51-55°5 ~=56-60°5 Total. 
ee Bia ae 5 4 29 16 2 1 52 
F. Recap. : ; 3 15 7 — — 25 
M. Lib. . : : 9 36 3 ~- a 48 
M. Recap. ; : 5 20 3 — — 28 


The fish used were taken in Burghead Bay by the “ Goldseeker.”’ 

The number recaptured was 53, or 53 per cent., viz. 28 males (58°3 per cent.) 
and 25 females (48-1 per cent.). The sizes of the males ranged from 38°5 to 47 cm., 
and averaged 42:6 cm., as compared with a range of from 38 to 46°5 cm., and a 
mean of 42°5 cm. on liberation ; they were at lhberty for from 13 to 441 days, the 
average being 123 days; they travelled distances of from 23 to 187 miles, the 
mean being 29°3 miles, and the average rate was 2°3 miles. The females ranged in 
size from 38°5 to 53:5 cm., and the average was 46°5 cm., as against a variation of 
from 39 to 50 cm., and an average of 44°3 em. on liberation ; they were free for 
from 12 to 965 days, the mean being 283 days : they migrated from 2 to 139 miles, 
the average being 31-2 miles, and the mean rate was 1:1 miles. 


THe Extent AND Dreecrion or MIGRATION. 


First Quarter—A male and 2 females were recaptured in the remainder of 
December, all 12 miles to the northwards, to the mouth of the Dornoch Firth. 

In January 1914, 3 males were captured, but the position of 1, which was landed 
at Grimsby, was given merely as “ Moray Firth ” ; the other 2 were found to the 
northwards, | off Tarbet Ness, near the entrance to the Dornoch Firth, at 11 miles 
distant, and the other at a distance of 40 miles, off Clyth Ness, near the edge of 
Smith Bank. Ten males and 5 females were got in February ; 5 of the males and a 
female were taken near Tarbet Ness, towards the Dornoch Firth, 4 at a distance 
of 11 miles, 1 at 134 miles, and another at 14 miles; a male and a female were 
recaptured south-east of Berriedale Head, at 23 and 24 miles to the northwards ; 
a male a little farther to the north, south of Lybster, 30 miles distant, a female 
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south-east of Noss Head, 48 miles to the northwards, and another near Noss Head, 
at a distance of 50 miles; another female was recaptured about 5 mules off Sule 
Skerry, on the north coast, at a distance of 106 miles ; and the remaining fish, a 
male, was taken near the shore, off Nairn, 9 miles to the south and west. 

In this quarter, 21, or 39:6 per cent., were recaptured, the positions being known 
for 20, or 37:7 per cent., of which 16 (80 per cent.) were found to the northwards 
and eastwards, 3 to the north and west, and 1 to the south and west. 

Second Quarter.—Six males and 6 females were recaptured in March, 2 of the 
males and a female near the entrance of the Dornoch Firth, 16 miles to the north- 
wards, 2 males to the eastwards of Berriedale Ness, at a distance of 30 miles, a 
female a little farther north at 37 miles, a female off Helmsdale, 23 miles to the 
northwards, 2 males and a female off Burghead, 24.and 3 miles to the north and east, 
a female on the north coast, off Whiten Head, ata distance of 105 miles, and another 
on the west coast at Loch Inchard, a distance of 139 miles; the mean rates of 
movement of the 2 last were respectively 11-8 and 14:9 miles per 10 days. Two 
males and a female were taken in April, both males, at 38 miles to the north and 
east, in the neighbourhood of Smith Bank, and the female off the north coast, 16 
miles E. by N. of Sule Skerry, at a distance of 107 miles. A female was recaptured 
in May, but the position was not ascertained. 

In this quarter, 16 of the marked plaice were recovered, or 30:2 per cent., posi- 
tions being given for 15 or 28°3 per cent., of which 14 (93-3 per cent.) were found to 
the north and east, and 1 to the north and west. 

Third Quarter.—Two, or 3°8 per cent., were taken in this quarter, a male in 
June, 33 miles from Trodday Isle, Skye, west coast, at a distance of 187 miles, the 
rate of movement being 9:5 miles per 10 days, and a female in July, at a position 
not ascertained. 

Fourth Quarter.—No fish was caught in September, October, and November. 

Thus, in the 12 months, 39, or 73:6 per cent., were recaptured, the positions 
being known for 35, or 66 per cent. Of these, 29 (82°8 per cent.) were found to the 
north and east, 5 (14°3 per cent.) to the north and west, and 1 to the south and 
west. 

Of the remaining fish, 1 was taken in 1914, and 10 in 1915. 

In December 1914, a male was captured on the north coast, off Whiten Head, 
at a distance of 111 miles. 

In January 1915, a male was taken off Nairn, 10 miles to the south-west, 
and in February, another male south-east of Berriedale Head, 27 miles to the 
north and east ; a female was captured off Findhorn, 2 miles to the south and west, 
in April; and 4 females, all in the same locality, off Findhorn, in May, at distances 
of from 24 to 5 miles to the south and west ; 2 females were caught in June, also 
off Findhorn, at a distance of 2 miles, and in October, a male off Burghead, 3 miles 
to the south and west. All the females taken in April, May, and June, off Findhorn, 
are described as “‘ spent.” 

Distances travelled—10 miles and under.—Fifteen or 31-2 per cent., were recap- 
tured at distances of from 2 to 10 miles, 5 males (20 per cent.), with an average 
of 5-4 miles, and 10 females (43°5 per cent.), with an average of 2°6 miles ; 3 males 
and 8 females were taken to the south and west, 2 males and 1] female to the north 
and east, and 1 female to the north and west. 

10 to 20 males.—Thirteen fish, or 27:1 per cent., were found at distances of from 
11 to 164 miles, 9 males (36 per cent.), with an average of 12°8 miles, and 4 females 
(17-4 per cent.), with an average of 12-9 miles. Four of the males and all the females 
were taken to the north and east, and 5 of the males to the north and west. 

Thus, 28 fish, or 58°3 per cent., were got at distances under 20 miles, 14 (56 per 
cent.) males, with an average of 10-2 miles, and 14 females (60°9 per cent.), with 
an average of 5°6 miles. 

20 to 50 miles.—Filteen fish, or 31:2 per cent., were recaptured at distances 
of from 23 to 50 miles, 10 males (40 per cent.), with an average of 32:2 miles, and 
5 females (21-7 per cent.), with an average of 36:2 miles ; all the fish were taken to 
the north and east. 

No fish was recovered between 50 and 100 miles, but 6 were taken at distances 
over 100 miles, namely, 2 males (8 per cent.), with an average of 149 miles, and 4 
females (17:4 per cent.), with an average of 114-5 miles. 
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MatTURITY. 


Males. —The condition of the testes was ascertained in 20 of the 28 recaptured. 
Seven were described as “spawning”; 3 were taken in February 1914, all to the 
north and east, at 11, 14, and 28 miles respectively ; 2 in March 1914, 1, 16 miles 
to the north and west, and 1,16 miles to the north and east ; the remaining 2 were 
recaptured in February 1915, 1, 13} miles to the north and west, and the other 27 
miles to the north and east ; all but 2 of these spawning males were taken at the 
mouth of the Dornoch Firth, the two exceptions being got farther along the coast. 
Six were “ripe,” 1 captured in January 1914, at an unspecified locality, in the 
Moray Firth, 2 in February 1914, 1, 24 miles and the other 37 miles to the north 
and east, 2 in March 1914, off Burghead, and the remaining fish in April 1914, 
38 miles to the north and east. One was described as “spent”; it was caught 
in February 1914, 11 miles to the north and west. Another, taken in December 
1914, on the north coast, off Whiten Head, was “ nearly ripe.” 

Females The condition of the ovaries was determined in 20 of the 25 females 
recaptured. Two were “ spawning,” | taken in February 1914, 11 miles to the north 
and east, at the mouth of the Dornoch Firth, and the other in March 1914, off 
Whiten Head, on the north coast, at a distance of 105 miles. Four were described 
as “‘ripe,” 1 caught in July 1914, at an unknown place; another, in February 
1914, on the north coast, off Sule Skerry, at a distance of 106 miles; a third in 
April 1914, also off Sule Skerry. at a distance of 107 miles; and the fourth, in 
December 1913, 12 miles to the northw ard, at the mouth of the Dornoch Firth. 
Eleven were said to be “spent ’’; all but 1 were recaptured in the locality, at 
distances between 2 and 5 miles, the exception being taken at the mouth of the 
Dornoch Firth, at a distance of 164 miles; another female, caught in December 
1913, at the mouth of the Dornoch Firth, was described as “ not quite ripe.” 


EXPERIMENT AT Naren Bay, Station II. 
12th November 1913. 


On 12th November 1913, 50 marked plaice, comprising 25 males and 25 females, 
were liberated in Nairn Bay, in the Moray Firth (Lat. 57° 37’ N.; Long. 3°54’ W.). 
The males ranged in size from 24:5 to 44 cm., and 10 were under adult size on 
liberation. The females were from 26 to 58°5 cm., and 17, when liberated, were 
under adult size. These fish were captured partly at Burghead Bay and partly at 
Nairn Bay, on the same day. 

Nineteen, or 38 per cent., were recaptured, namely, 12 males (48 per cent.) and 
7 females (28 per cent.). Light of the males were of mature size on recapture, 
averging 40°2 cm., as against 38-7 cm., on liberation; they were at liberty for 
from 83 to 1185 days, the mean being 321 days; they migrated distances of from 
74 to 46 miles, the average being 24-2 miles, and the mean rate ‘6 mile. Four 
of the males were of immature size, averaging 28°8 cm., and migrating a mean 
distance of 5 miles. Two of the females were of adult size, and 5 under, on recap- 
ture, the latter travelling from 23 to 4 miles, the average being 3-2 miles. 


Toe Extent and Direcrion or MIGRATION. 


None of the fish was recaptured in the first, third, or fourth quarters, but 14 
were taken in February, March, and April, the second quarter. 

Hight males and 1 female were taken in February, the female 3 miles to the 
south and east, off Nairn, 2 of the males 2 miles to the south and west, off Fort 
George ; a third,13 miles to thesouth and east, in Burghead Bay; a fourth,8 miles W. 
by S$. -of Bur chead, at a distance of 74 miles ; 2 were got off Brora, Dornoch Firth, 
at 22 and 23 miles dist ant ; the seventh, south-east of Clyth Ness, at 46 miles to the 
north and east ; and the eighth, at an unspecified locality in the Moray Firth. One 
male and 3 females were taken in March, the male off Nairn, at a distance of 3 
miles ; 2 of the females off Nairn, at 24 and 4 miles ; and the third at Fort George, 
24 miles to the north and west. In April, a female was recovered off Nairn, 4 miles 
to the north and west. 
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Thus, 14, or 73-7 per cent., were recaptured in the second quarter, 5 to the 
north and east, 3 to the north and west and south and east respectively, 2 to the 
south and west, and 1 at an unknown locality. 

The next fish to be recaptured were taken in May 1915, a female off Nairn, at a 
distance of ] mile, and the other, also a female, 10 miles to the north and east, off 
Findhorn. In June, a male was taken in the same locality as the last. The next 
recapture was in February 1917, after 1185 days; it was a male, taken 5 miles 
to the north of Tarbet Ness. One male, which had gone 39 miles to the north and 
east, had no date of recapture. 

Distances travelled—l0 miles and under.—Twelve fish, or 66°6 per cent., were 
found at distances under 10 miles, 5 males (45-4 per cent.), with an average of 4:9 
miles, and 7 females (100 per cent.), with a mean of 3°8 miles. 

10 to 20 miles.—Only 1, a male, was recaptured between 10 and 20 miles, namely, 
13 miles to the south and east. 

20 to 50 miles.—Five, or 27°7 per cent., were got within these limits. All were 
males (45°4 per cent.), taken to the north and east. 


MATURITY. 


Males.—Of the 12 recaptured, the condition of the testes was recorded for 8. 
Three were “spawning, ’ all taken in February 1914, 2 off Brora, Dornoch Firth, 
at 22 and 23 miles to the north and east, 1 off Clyth Ness, 46 miles to the north 
and east. One was “ripe”; it was taken in February 1917, after 1185 days, at 
the mouth of the Dornoch Firth, 22 miles to the north and east. 

Females.—The condition of the ovaries of each of the 7 females recaptured was 
recorded. Two were “spent,” both taken in May 1915, 1 at a distance of 1 mile, 
and the other 10 miles to the eastward, off Findhorn. 


OTHER EXPERIMENTS. 
MORAY FIRTH. 


I. On 22nd April 1910, 57 plaice were marked and liberated in the Dornoch 
Firth (57° 58’ N.; 3° 45’ W.) in a depth of 7-9 fathoms ; they comprised 29 males 
- and 28 females. Only 6 (10°5 per cent.) were recaptured, 4 males and 2 females. 
The date and place of capture of 1 of the males were not ascertained ; another was 
found on the market at Ymuiden, in May 1911, but the position of capture was not 
ascertained ; the third male was taken in January 1911, 15 miles to the north and 
east, off Golspie; and the fourth, in February 1911, 2 miles south-west of the 
Souters of Cromarty, 23 miles to the south and west ; 1 of the females was caught 
at an unspecified place in the Moray Firth, and landed at Ostend ; the other was 
taken in February 1911, off Dornoch village, 10 miles to the south and west. 

If. On 23rd April 1910, 32 marked plaice were liberated in the Dornoch Firth, 
at 57° 54’ N.; 3° 52’ W. in a depth of from 10-15 fathoms. They comprised 11 
males, 20 females, and 1 of unknown sex. Seven, or 21°9 per cent., were recaptured, 
5 males and 2 females; 3 of the males were caught at unspecified places in the 
Moray Firth, and landed at Ostend, in February 1911, April 1911, and September 
1910; of the other 2, 1 was taken in March 1911, 8 miles to the south and east, and 
the other in June 1911, at N. Ronaldshay, Orkneys, 119 miles to the north and 
east ; 1 of the females was landed in January 1911, at Ostend, the place of capture 
being recorded merely as ‘‘ Moray Firth’; the other was taken in March 1911, 8 
miles to the south and east. This fish, and the male, caught close together near 
Tarbet Ness, were ‘“‘ partly spent.” 

IIT. On 25th April 1910, 35 plaice—20 males, 14 females, and 1 of undetermined 
sex—were liberated in the Moray Firth, near Findhorn (57° 42’ N.; 3° 37’ W.) ina 
depth of 6 fathoms. Only 4, or 11°4 per cent., were recaptured, viz. 3 males and 
the fish whose sex was not ascertained. One of the females was taken in February 
1911, 3 miles to the south and east, and 2 were found in March 1911, 1, 8 miles to 
the south and west, off Nairn, and the other 1 mile to the north and west. The 
fish of unknown sex was also taken at this position, | mile to the north and west, in 
March 1911. 
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IV. In the Moray Firth, at 57° 47’ N.; 3° 17’ W., where the depth is 13-15 
fathoms, 10, consisting of 3 males, 5 females, and 2 whose sexes were not deter- 
mined, were liberated on 26th April 1910. Three were recaptured, viz. a male 
in June 1910, in the Pentland Firth, 79 miles to the northwards ; and 2 females, 1 
in March 1911, off Tarbet Ness, 13 miles to the north and west, and the other in 
April 1911, in the vicinity of Tarbet Ness, 6 miles to the north and west. 

V. On 26th April 1910, 22 were set free in the Moray Firth, at 57° 53’ N.; 3° 14’ 
W., in a depth of 28-32 fathoms; they consisted of 11 males, 8 females, and 3 of 
undetermined sex. Five, or 22°7 per cent., were recaptured, 3 males, 1 in January 
1911, at a place unknown ; another in March 1911, 13 miles to the north and west, 
and the third in July 1911, at a place unknown. Two of undetermined sex were 
caught at unspecified localities in the Moray Firth in July and September 1910. 
The fish about which particulars are absent were caught by foreign trawlers and 
landed at Ostend. 

VI. On 27th July 1910, 1 male and 2 females were marked and liberated at 
57° 51’ N.; 3° 16’ W., and the male, alone, was recaptured, on March 1911, in the 
North Minch, on the west coast, at a distance of 152 miles, the rate of movement 
being 6°5 miles per 10 days. This fish measured 38°5-38°6 cm., and was “‘ spawning ”’ 
when captured. 


DOGGER BANK. 


On 15th October 1913, 2 females were marked and liberated at 54° 52’ N.; 
0° 57’ K., west of the Dogger Bank, in 41 fathoms, and both were recaptured, 1 in 
October 1913, after only 9 days, at a position given as 166 miles E.S.E. of the 
Longstone Light, 91 miles N. 80° E., which is evidently wrong; the other was 
recaptured in June 1914, 5 miles to the north and east. 


NORTH-WEST OF GREAT FISHER BANK. 


On 17th June 1913, 4 marked female plaice were set free at a position 127 miles 
E. byS. $8. of Buchanness (57° 30’ N.; 2° 10’ E.), in a depth of 36 fathoms. One 
was got in December 1913, 484 miles E. by S. of the Isle of May, 130 miles to the 
west and south ; it was landed by an English trawler at Boston. 


OFF KINNAIRD HEAD. 


On 29th July 1910, 12 marked plaice, consisting of 6 males, 1 female, and 5 of 
unknown sex, were liberated, 2 off Kinnaird Head (57° 41’ N.; 1°55’ W.) in a depth 
of 5 fathoms. Four were recovered, 3 males and 1 of undistinguished sex. The 
latter was taken in September 1911, 6 miles to the south and east ; 2 of the males 
were recaptured in March 1911, both in the Moray Firth, one off Buckie, 33 miles 
to the north and west, and the other off Tarbet Ness, 62 miles to the north and west ; 
the third male appears to have been taken in Morecambe Bay, Lancashire, at the 
beginning of April 1911. The mark and wire were sent to me by Dr. J. Johnstone, 
with a note from Captain Wignall of the Lancashire 8.F.D. Committee Steamer 
** James Fletcher,” to the effect that the mark was taken from the fish on the 
Fleetwood Landing Stage on 6th April 1911. It could not be ascertained which 
boat caught the fish, but “it was caught in Morecambe Bay.’ Dr. Johnstone 
kindly informed me that the trawlers speak of the area between Morecambe Bay, 
the coast between Cumberland and Ribble and the Isle of Man, as ‘‘ Morecambe’ 
Bay,” and he was of opinion that the fish was probably caught on the Lancashire 
coast. The distance between the place of liberation and Morecambe Bay is about 
470 miles, and, as the interval between the date of liberation and recapture was 
248 days, the mean rate of movement per 10 days would be 19 miles. 


OFF TOD HEAD, KINCARDINESHIRE. 


On 6th July 1912, 6 plaice, 3 males and 3 females, were marked and liberated 
27 miles K.S.E. 3 8. of Tod Head (56° 48’ N.; 1° 24’ W.) in a depth of 34 fathoms. 
Five were recaptured, 2 males and 3 females. One male was taken in February 
1913, south and east of Aberdeen, 38 miles to the north and east, and the other in 
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December 1914, after 898 days, 9 miles to the north and east; 1 of the females 
was got in August 1912, 14 miles to the north and east, another in June 1913, 12 
miles to the north and east, and the third in August 1913, 34 miles to the north and 
east. 

On the same day, 2 marked plaice, a male and a female, were liberated 53 miles 
S.E. 3 E. of Tod Head (56° 34’ N.; 0° 44’ W.) in 47 fathoms, and they were recaptured, 
the male on 4th August 1912, 8 miles to the south and east, and the female in 
October 1913, 36 miles to the north and west. 

On 9th July 1912, 2 plaice, both females, were liberated at a position 57° 7’ N.; 
0° 21’ W., but none was recaptured. 

On 25th June 1910, 3 plaice, all females were liberated in Kirkealdy Bay, but 
none was recaptured. 


Plate I. 
Plate II. 


Plate ILI. . 


Plate IV. . 


Plate V. 


Plate Wile : 


Plate VII. 


Plate VIII. 
Plate LX... 


Plate X. 


EXPLANATION OF PLATES. 


20 miles E. of Isle of May, Experiment IX., 6th December 1912. 


Same Experiment. Showing the migratory movements in the Ist 
Quarter, December 1912 to February 1913. 


Same Experiment. Showing the migratory movements in the 2nd 
Quarter, March t)» May. 


Same Experiment. Showing the migratory movements in the 3rd 
Quarter, June to August. 


Same Experiment. Showing the migratory movements in the 4th 
Quarter, September to November. 


Firth of Forth. Midway between Elie and Fidra, Experiment 
VIIL., 24th April 1912. 


Aberdeen Bank. Experiment I., 10th June 1910. 
Moray Firth. S.E. of Smith Bank, 20th September 1912. 
19 miles E.S.E. of Fair Isle, 15th September 1910. 


Showing the Distribution of the “Spawning” Fish of all 
Experiments. 
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THE EGGS AND LARVAE OF THE ANGLER (LOPHIUS 
PISCATORIUS UL.) IN SCOTTISH WATERS. 


INTRODUCTION. 


Toe AnciER (Lophius piscatorius), with its bizarre form and strange adaptations 
to mode of life, has always attracted much attention. In recent years, it has 
become increasingly important commercially, and the species, regularly brought 
to market, now contributes its share to the food supply of the nation. The Angler 
often grows to a very large size, sometimes exceeding 5 feet in length. The 
very large, broad and depressed head of grotesque appearance is of no commercial 
value, and the practice has grown up of landing only the tails on the markets, 
and these find a ready sale. 

Many contributions to our knowledge of the life-history of this strange species 
have been made. In spite of the wealth of fact, however, many details of the 
life-history still remain obscure, and, in particular, little is known definitely regarding 
the chief spawning-places and the distribution of the larval, post-larval, and small 
bottom-forms. 

The first important contribution to a knowledge of the spawning and of the 
young forms was made by Agassiz in 1882. In that year, he described the eggs 
and larve from specimens obtained in the Atlantic off the American coast. In 
1891, Prince gave somewhat similar descriptions of forms from Scottish waters. 
Although both these authors deal very fully with the appearance of the eggs and 
the larvee until the absorption of the yolk, there is little reference to the later 
stages. (Agassiz describes one post-larval stage of about 30 mm. in length.) In- 
deed, there was almost an entire absence of definite information regarding the 
later post-larval stages until 1911, when Stiasny gave a very detailed description 
of forms found by him in the Gulf of Trieste. In this publication we have, until 
now, the only detailed reference to the capture of the later post-larval stages. On 
the other hand, there are no specific references to the spawning-places of the Angler. 
Further, information regarding the distribution of small bottom-forms is very 
scanty. Dr. Fulton (1902) has dealt most fully with this aspect of the problem, 
and he points out that small Anglers are very rarely met with in the North Sea 
under a size of 6 inches, although adults are by no means rare within the area. 

In brief, our knowledge of the early life-history and the developmental changes 
through which the young Anglers pass is built up from information derived from 
very widely separated areas. Yet, when one thinks of the comparative frequency 
of adult Anglers over a very wide area, and the striking appearance of the floating 
masses of spawn, and the post-larval forms, one may well feel astonished that 
complete information regarding the life-history has not been obtained even from 
restricted areas where the spawn and adults are known to occur. 

In the present communication a detailed description is given of the occurrence 
and developmental changes of the Angler in Scottish waters, and, in addition, 
an attempt is made, from a consideration of all the facts known about the distri- 
bution of the adults, and the younger stages, to bring the detached facts from the 
different areas into harmony. 

The characteristic appearance of the ovaries and the ova just before and after 
maturation, as can be very easily verified by a microscopic examination of the 
parts in the adult, has been very minutely described by Dr. Fulton (1897, p. 125). 
The following is that author’s description of some of the points which have a bearing 
on the problem under consideration :—‘‘ The ovaries are confluent, and form a 
single, long, flattened tube or band whose dimensions vary with the size of the 
fish and the season of the year. In a specimen with almost mature eggs, caught 
on 11th February, the ovaries measured a little over 29 feet in length, the greatest 
breadth was 134 inches, and the thickness was only 4 millimetres. It formed a 
long, flat, semi-transparent band, soft and easily ruptured. The ovaries form a 
continuous tube, the oviduct, which is thick-walled and narrow—admitting a finger 
with difficulty—opens into it at its middle, at the junction of the ovigerous and 
non-ovigerous sides. The ovigerous tissue is limited to one side of the tube, the 
opposite wall of the ovary, a thin, delicate, translucent membrane, being closely 
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applied to it..... In the ovary, especially before the eggs are quite mature, it - 
will be found that each large egg is contained in a pyriform pouch, which projects 
into the cavity of the ovary, and which, in such specimens, may be easily separated 
at its pedicle. In the early stages, gelatinous matter between the pouches is not 
apparent. When the large, mature eggs escape from their follicles, they pass 
into the gelatinous secretion, and the mass is extruded no doubt gradually. The 
process of expulsion through the narrow oviduct would appear to be a matter of 
’ difficulty, and the mode in which fertilisation takes place is also a little puzzling. 
The males are much more numerous than the females, in the proportion of 100 to 
26, and it is probable several males attend the female during oviposition.” 

The number of eggs in such an ovary has been estimated by Fulton. He 
calculated that, in two nearly mature ovaries, there were 1,345,848 and 1,312,587 
eggs respectively. 

THe Fioatine SPAWN. 
(Fig. 1). 

The eggs of the Angler, after expulsion from the ovary, are found floating in 
the sea enveloped in a ribbon-shaped band of mucus. Agassiz (1882) described 
the appearance of this floating mass of spawn. Some of the bands were from 25 
to 30 feet long, and from 2 to 3 feet broad. Thus probably the whole of the 
eggs from a single ovary are enveloped in this mucoid sheet. Fulton concludes 
that in such a case extrusion must take place with some rapidity, and that im- 
pregnation of the ova is assured by the great excess of males. 

The published records of the occurrence of sheets of spawn are discussed later. 
Hitherto, however, descriptions of sheets of spawn have been confined to examples 
in which the embryos were already far advanced in development, and the following 
observations, the result of an examination of a mass in which the eggs exhibited 
no trace of embryos, are therefore given. 

The eggs are arranged in a single irregular layer through the mass, and the 
gelatinous material forms a series of polygonal cells almost hexagonal in shape 
but with rounded corners, in which the eggs lie. When the investing jelly-like 
material is examined under the microscope, the walls of each cell in optical section 
appear as if made up of a series of very fine concentric lamellae. 

Each cell contains an egg, and the eggs are therefore quite separate from each 
other. The egg is only about half the ciameter of the cell, and, surrounded by 
fluid which fills the remainder of the cell and acts as a buffer, the egg is not deformed 
by contact with the sides of the cell or with other eggs. Thus each egg is free within 
its cell, and can be turned about with the point of a needle; it floats with its con- 
tained oil-globule uppermost, and if the gelatinous sheet be turned over, the eggs 
revolve within the cells so that the oil-globules are again on tep. 

If the eggs are freed from the gelatinous material, they float at the surface of 
sea-water and appear like normal large pelagic eggs. 

The mucous band is of a light violet-gray colour, and when the embryos are 
well developed in the eggs the dark pigment spots of the young Anglers, still in the 
egg, give to the mass a somewhat blackish appearance. 

Agassiz’ figure of the spawn is somewhat misleading. Either the embryos 
have hatched out from the eggs and are now free within the cells, or if the embryos 
have not hatched out from the egg, the investing membrane is absent from the 
illustration. Cunningham’s suggestion that the gelatinous substance arises by a 
modification of the outer surface of the zona radiata was apparently based on 
Agassiz’ description. Fulton (1897) has already pointed out that this is not the case. 
“Tt (the gelatinous substance) is situated not only outside the follicle, but outside 
the ovigerous pouch ; that is to say, it lies in the cavity of the ovary, and it is, in 
reality, formed as a secretion by the columnar epithelium.”’ : 


a 
IsoLtaATED Eecs or Lopurus Piscatorius. 


The extensive investigations made by the Scottish Fishery Research Vessel, 
Goldseeker, and other research vessels, have shown that the pelagic eggs, and the 
larval and post-larval stages of our common food-fishes, can be caught in large 
numbers with special apparatus. Notwithstanding the many extensive voyages 
of investigation which have been made in recent vears by these specially equipped 
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vessels, hitherto no records have been published of the occurrence of the eggs or 
larvee of Lophius piscatorius. 

Amongst the many collections made by the Goldseeker of pelagic fish eggs 
of common species, an occasional egg, conspicuous by its large size, and possessing 
an oil-globule, has appeared from time to time. At first there was considerable 
uncertainty as to the identification of this species of egg, but on 5th May 1911 
one was obtained at 59° 26’ N.; 1° 20’ W., which gave some clue to its identity. 
This large egg, separated from the rest of the collection, was kept alive and under 
observation until the embryo had assumed definite shape within the egg. Un- 
fortunately, the embryo died before hatching out, but it was sufficiently advanced 
in development to enable me, from its characters, to decide that the egg belonged 
to Lophius piscatorius. The characteristic dendritic, dark, chromatophores had 
developed over the head of the embryo and over part of the yolk and oil-globule, 
and this particular specimen also showed the characteristic pigmentation on the 
gut. All doubts as to the specific identification of these large eggs were cleared 
away when, in April 1914, similar eggs were obtained, from which the embryos 
were successfully hatched out and reared until the yolk had been very considerably 
absorbed. The nature of the egg and the characteristic appearance of the larva 

are sufficient for the purpose of identification. 


DESCRIPTION OF THE IsoLaTED Hae. 
(Fig. 2). 

The isolated egg of Lophius is pelagic, large and transparent, with a homo- 
geneous yolk. The egg, especially in the living condition, is therefore easily 
distinguished from that of Argentina, in which the yolk is segmented. The pelagic 
isolated egg of Lophius is enclosed in a very delicate membrane. The perivitelline 
space is extremely small, even when the embryo is well developed in the egg. It 
never becomes large. (In eggs which have been kept in preserving fluid for some 
time, the perivitelline space is sometimes larger, a condition due to the shrinkage 
of the yolk.) The yolk is usually of a very pale straw or yellow colour, and oil 
globules like burnished copper or amber are present on the surface of the yolk. 
The number of oil-globules varies ; there may he only a single large one, but usually 
there are one or two larger ones with a variable number of very small ones. These 
smaller oil-globules may coalesce later, to form a single large oil-globule. 

The eggs are not always perfectly spherical, but often appear more or less 
oval in shape, with a long and short axis at right angles to each other. . 

The following are the measurements of 500 eggs isolated from a mass of spawn 
caught on 3rd May 1916 at 57° 37’ N.; 0° 53’ H. The eggs were measured in the 
living state, and each egg was measured along its greatest and least diameter— 


Measurements of 500 Eggs caught 57° 37’ N.; 0° 53’ H.—3/5/16. 
50 scale divisions of eye micrometer = 2 mm. 


Major Minor Both 
Diameter. Diameter. Diameters. 
Scale No. of Scale No. of Scale No. of 

Divisions. Eggs. Divisions. Eggs. Divisions. Kegs. 
51 1 5l 8 5l 9 
52 2 52 Vall 52 23 
53 14 53 42 53 56 
54 19 54 84 54. 103 
55 52 5b 105 55 157 
56 81 56 130 56 211 
57 i Ss 57 64. 5T 181 
58 99 58 33 58 132 
59 71 59 10 59 81 
60 33 60 3 60 36 
61 8 61 —- 61 8 
62 3 62 — 62 53 
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The mean of the major diameters (M,) is 57-146 (2°28584 mm.), and the Standard 
Deviation (o,)=1°7892. The mean of the minor diameters (M,) is 55:298 (2°21192 
mm.), and the Standard Deviation (c,) = 1:67387. 


M,--M iS vase 
If Be aay is > 8, these distributions are significantly different where 
iL Se 


1:848 

3:201351 2°801863 = 16°86521. 
cane 500 * 500 

Hence, although in a number of these eggs freed from the gelatinous material, 
the two diameters at right angles were equal, and the eggs were therefore almost 
spherical, the eggs of Lophius are typically oval, the long diameter being significantly 
different from the minor diameter. 

The following table shows the variable number of oil-globules in the sample of 
500 eggs. 


Now, if o7M, - Mo 


as ai ) M, -M, 
N,N, : My 


Number of 
Oil Globules. Frequency. 
i 45 


OID OF CO 
~J 
— 


500 


In addition, 38 isolated eggs caught at 58° N.; 2° 54’ W. on 4th April 1914 were 
measured in the living condition. Two measurements at right angles to each other 
were made on each egg; the range was from 2°33 to 3:11 mm., and the mean was 
2°72 mm. The number of oil-globules varied from one to nine, and the diameters 
of the largest oil-globule ranged between ‘51 and ‘71 mm. 

These 38 eggs, when caught, showed no traces of developing embryos, and 
although the eggs were kept alive as long as possible in fresh sea-water, no traces 
of developing embryos appeared. Indeed, the eggs gradually died. In five days 
after capture three eggs were dead at the bottom of the vessel; in seven days the 
total had increased to nine, whilst eleven days after capture, only six eggs 
remained clear, floating at the surface of the water. Even in these, the germinal 
disc showed no signs of segmentation, so that one may conclude that this particular 
batch of eggs had escaped fertilisation. 

The eggs, when preserved in formalin, usually retain their pale yellow tint. 
The following are the measurements of eggs so preserved. All the eggs, before 
measurement, had remained more than a year in preserving fluid (-2 per cent. 
formalin), so that practically they had reached their maximum shrinkage. 


Measurements of Isolated Eggs of Lophius piscatorius caught in the North Sea. 
Sizeinmm. . : 2Ay 22.23 52:4. 22°56" 928-7 OO ee 
Frequency . : BD . 83) 48 Al 627 56 | 38ie) 1o eee 
The mean size is 2.4745 mm. The mean size of the oil-globule in those eggs which 
contained only a single large oil-globule was ‘6718 mm., with a range from °52 to 
‘88 mm. ; 

Agassiz and Whitman (1885), in their description of the eggs of Lophius pis- 
catorius from the American side of the Atlantic, state that the eggs are large, meas- 
uring 1°75 mm. in diameter, and that the single oil-globule is -40--42 mm. The 
eggs obtained in American waters would appear to be much smaller than those 
obtained in Scottish waters. The American authors do not say, however, whether 


the eggs were measured in the living condition or after long immersion in pre- 
serving fluid. 


The Newly-Hatched Larva. ii 


M‘Intosh (1891) gives the diameter of the contained ova in spawn cast ashore 
in St. Andrews Bay as 2°2860 mm., and of the large oil-globule as 5334 mm. For 
an isolated pelagic egg captured about the same time in the Bay, he gives the 
following dimensions :—long diameter, 1°6764 mm.; short, 1°6383mm.; oil-globule, 
3048 mm. 

Khrenbaum (1905, 1911) records the diameters of the eggs of Lophius as varying 
between 2°13 and 2°36 mm., and of the oil-globules 0°53-0°57 mm. In his tables 
for the determination of the plankton eggs of fishes occurring in the North Sea, 
he gives the following criteria for the identification of the eggs of Lophius piscatorius : 
—‘ Yolk homogeneous, without segmentation. Eggs enveloped in a common 
mucous mass, from which, however, they often apparently become isolated. Eggs 
polygonal, flattened against one another, with large perivitelline space.” In view 
of the foregoing observations, the last sentence should read: Mucous cells poly- 
gonal, flattened one against the other, diameter of cell about twice egg diameter ; 
egg free within the mucous cell, with small perivitelline space. 

The newly-spawned egg is entirely free from pigment, but even before the 
embryo begins to assume definite form dark dendritic pigment appears on the em- 
bryo and on the yolk in the neighbourhood of the embryo. Isolated eggs at this 
stage of development are very easily recognised amongst the preserved material ; 
the size of the egg and oil-globule, the thin membrane, and the pigmented yolk 
and embryo, are sure guides for the identification of such eggs. 

As the embryo grows, the dark pigment rapidly spreads, but does not extend 
to the tail of the embryo itself. The pigment becomes more intensive on the 
head and anterior body portion, and appears as large, black, dendritic spots. The 
dark pigment spots also spread down the food canal and over the yolk especially 
in the neighbourhood of the oil-globule. Indeed, the pigmentation becomes so 
dense over the oil-globule that the limpid colour of the oil is hidden and the oil- 
globule seen through this veil of reticulated pigment appears as a cloudy-like 
ball. 

Gradually the embryo assumes a more definite form. It always remains broad 
and short, never extending more than two-thirds round the yolk. In isolated eggs 
in the living state the black pigment appears very soft and delicate, and, in some 
of the embryos, there is a development of violet pigment along the gut. This 
violet pigmentation is not present in all specimens, and is often very transient, 
disappearing from the embryo before it hatches out from the egg. Fulton (1902) 
says that the newly-hatched larvee possess much bright canary-yellow in addition 
to the black pigment. This canary-yellow pigment did not appear, however, in 
any of these isolated eggs. 

The embryo almost fully grown and stretching two-thirds round the volk causes 
the thin membrane to stretch greatly by its violent movements within the egg. 
Unlike most pelagic eggs, the embryo does not stretch round the whole circumference 
of the egg before it is ready to hatch out, and the hatching may, therefore, take 
place rather unexpectedly. Indeed, so pigment-free is the tail that careful obser- 
vation has to be‘made to determine whether the embryos have hatched. There 
is a very considerable amount of unabsorbed yolk still remaining when hatching 
takes place. It is probably due to the fact that, by the embryo hatching out thus 
suddenly, and remaining in the mucous cell for some considerable time before being 
freed, differences in the description of the newly-hatched larva have arisen. 


Newty-Harcuep Larva. 
(Fig. 3). 


The newly-hatched larva floats in the water with the yolk uppermost ; the head, 
being heaviest, is lowest, so that the larva in still water assumes an oblique position, 
the tip of the tail just touching the surface film. The newly-hatched larva 
is about 4°5 mm. long, and the yolk is still of enormous size in comparison, the 
diameter being more than half the length of the larva. The pigment-free tail is 
very short, being less than the diameter of the yolk. The larva is strongly pig- 
mented with dense dark pigment, especially over the head. This pigment extends 
over the body almost half way to the anus. The gut is also pigmented, and often 
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on the posterior half mauve pigment remains for some time. There is also very 
considerable pigment on the yolk, the pigment spots being large, with dendritic 
branches, and cccurring in dense masses. There is one mass on the yolk under 
the body, another mass over and encircling the oil-globule. The large dendritic 
spots which cover the oil-globule give it a peculiar reticulated appearance, so that 
the oil-drop, with its brilliance dimmed, assumes a weak coffee colour. Isolated 
dendritic pigment spots occur over the rest of the yolk. The eye is of a deep dark 
blue colour. The mouth is closed, and there is no appearance of dorsal filaments 
except that there is a slight depression in the embryonic fin above the head, the 
edge of which is slightly thickened. 

The newly-hatched larva is, therefore, a striking object, and the large yolk, 
pigmented body and short fleshy pigment-free tail, gives it a peculiar stumpy 
appearance. 

Four days after hatching, the larva has gained considerably in size at the ex- 
pense of the yolk, which has therefore diminished in volume. The increase in size 
is most apparent in the yet pigment-free tail, which extends beyond the yolk to a 
distance exceeding two diameters of the yolk. In the living state, the larva meas- 
ures about 5 mm., while the yolk-sac has a diameter of about 233 mm. The yolk 
has contracted considerably from the outer membrane. The head, as in the newly- 
hatched larva, lies over the yolk in close proximity to it, and the contour of the 
anterior portion of the head is continuous with that of the yolk membrane, there 
being a deep bay between the yolk and the head. The mouth is closed. In the 
living condition, the head usually lies on the surface of the yolk. The pigment is 
somewhat more intensively developed. The head, anterior portion of the body, 
and gut, are covered with intense black pigment, whilst the eye is of a deep 
black colour. The yolk, especially over the still large oil-globule, is also covered 
with branching black pigment. The distinctive colour of the oil-globule has now 
almost entirely disappeared, and is only seen below the dark-coloured pigment as 
a faint coffee colour. The gut is covered with black pigment, especially in the region 
of the pectoral fins, but this becomes less intensive towards the end of the food 
canal. A short loop of the gut les above the yolk-sac, and here, as well as in the 
posterior portion of the intestine, violet pigment may yet persist. The pectoral 
fins, now somewhat large, are fleshy and scoop-shaped, and rounded or blunt at 
the tip. The pelvic fins are much smaller and arise directly on the surface of the 
yolk as conical prominences. Both the pectoral and pelvic fins are free from pig- 
ment, and are of a dull mottled gray colour. 

The first dorsal fin-ray now appears beyond the margin of the embryonic fin. 
In the newly-hatched larva, the first hint of the development of this ray was given 
by the appearance of a thickening above the notochord just posterior to the pectoral 
fin. This thickening, although ending rather abruptly in front, tails off posteriorly 
in a wedge-shaped manner. Simultaneously, there appeared a depression in the 
margin of the embryonic fin, the edges of which also become thickened. To the 
naked eye, this bay in the embryonic fin looks like a constriction behind the head 
of the larva. Soon there arises in the indentation of the embryonic fin a small 
conical prominence, whilst the wedge-shaped thickening above the notochord 
grows up to meet the indentation. This wedge-shaped thickening now extends 
much further back on the top of the notochord, whilst there seems to be a shunting 
forward of the whole mass. This may be more apparent than real, since, at this 
period, the tail is growing at a relatively greater rate than the head region. The 
tail has lost its distinctive rounded form, and is now somewhat pointed and appears 
less fleshy. 


Larva—7 To 8 DAYS OLD. 
(Fig. 4). 


Considerable yolk remains even after the larva has been hatched a week. 
Even now, the larva does not lose its unique position in the water, but floats 
yolk uppermost, the body lying obliquely to the surface film. Occasionally, the 
larva lies over to one side, but frequently there is vigorous movement from 
side to side of the now much elongated tail. When a slight movement is given to 
the water, the larva sinks a few inches, only to rise again slowly to the surface 
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The dorsal fin-ray is now very distinct. The pectoral fins have also grown con- 
siderably, and are moved vigorously by the larva. ; 

The larva at this stage measures, in the living condition, about 55 mm. The 
yolk is, however, much smaller in comparison to the total length of the larva, and the 
pigment-free tail is also much larger than the diameter of the yolk. 

The larva has become much thicker and more opaque, although the body pig- 
ment does not extend much behind the dorsal fin prominence. The tail is still 
practically pigment-free, but in some larvee there may appear a single dendritic 
pigment spot on the notochord near the middle of the tail, and there may also appear 
the beginning of pigment on the ventral surface near the tip of the tail. Usually, 
at this stage, the mauve pigment has disappeared from the gut. The dorsal fin 
filament has now grown considerably in length. The pelvic fins are, however, 
very striking objects. They arise from the surface of the yolk-sac as long conical 
prominences posterior to the fan-shaped pectorals. As the yolk gets absorbed, 
the pelvic fins grow rapidly in length, and gradually get shunted forward, until 
finally at the complete absorption of the yolk they are inserted on the ventral 
surface of the body anterior to the pectorals. Small pigment spots appear on the 
tips of the pelvic fins, but the pectoral fins, as yet, are pigment-free. 

Soon after this stage, the larve begin to lose their characteristic position at the 
surface of the still water. They gradually sink towards the bottom of the vessel 
and, although they may remain suspended in the water for some little time, they 
finally come to rest on the bottom. No difficulty is encountered in rearing the 
larve in a hatchery until the absorption of the yolk. In the summer months, the 
absorption of the yolk is completed in about fifteen days. 


LARVA AT THE COMPLETION OF THE ABSORPTION OF THE YOLK. 
(Fag. 5). 


A very fine specimen at this stage was caught in a bottom tow-net at 
Station 36 (58° 26’ N.; 0° 8’ W.) on the 15th July 1914. The larva, after pre- 
servation in 2 per cent. formalin for a few days, measured 8 mm. It still retains 
the characteristic form, and shows no signs of depression of the head or body. The 
head is two-sevenths of the total length, and the notochord extends as a supporting 
rod the whole length of the elongated tail. The embryonic fin is broad and still 
quite complete. The head and body regions are now completely covered with pig- 
ment, and this feature, together with the elongated, almost pigment-free tail, gives 
to the larva its superficial tadpole-like appearance. The pigment on the head 
and body is of a delicate dark brown colour, merging into black over the brain and 
behind the pectoral fin. The eye is still normal in position, slightly nearer to the 
tip of the snout than to the insertion of the pectoral fin. It is dark, with a bluish 
shimmer. The mouth, at this stage, is well-formed and open, whilst the gill-cover 
is also very distinct. 

The pectoral fins are large, transparent, and fan-shaped, the posterior border 
extending almost to the anus. They are inserted on the body just half-way 
between the posterior border of the eye and the anus, and have lost the distinctive 
fleshy appearance of the early larval stages. They are only made out with diffi- 
culty against the darkly pigmented body. 

The greatest changes have taken place in the dorsal fin-rays and in the pelvic 
fins. A second dorsal fin-ray element has arisen behind the first ; it is shorter and 
not so robust, but both rays end in a fine filament. The length of the first ray is 
greater than the depth of the body. 

The pelvic fins have now entirely lost their primary form. They are shunted 
very far forward, and are inserted on the ventral surface in front of the pectoral 
fins. They have increased enormously in length, and are long, simple, filamentous 
rays, pigmented at the tip. They extend to the mid-point of the total length of 
the larva. 

In this specimen there is a single large chromatophore on the notochord in 
the middle of the tail. As yet, there are no signs of the development of the unpaired 
fins. 

There are no indications, up to this stage of development, that the larva belongs 
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to such a depressed form as the adult Lophius piscatorius. The larva is deeper than 
broad, and the head, body, and tail are in the same line. The eyes are placed 
laterally on the head, and the broad embryonic fin which borders the tail is continued 
dorsally to the elements of the first dorsal fin. 

Agassiz and Whitman (1885) have described very minutely the development 
of the larval forms until the completion of the absorption of the yolk, and Prince 
(1890), in his descriptions of Scottish specimens at the same stages of development, 
has pointed out that they differ in some respects from the American forms. 

In the Scottish specimens hatched from isolated eggs, the first ray has not 
appeared when the larva is newly hatched, whereas the American workers describe 
the newly-hatched larva as possessing a single (first) dorsal appendage. As has 
been pointed out already, the newly-hatched larva may be held for some time in 
the gelatinous mass. There is the greatest difference, however, between the 
American and North Sea specimens in the degree of development of black pigment, 
especially on the tail. In the American specimens, there are three or four prominent 
patches of intense black pigment placed at equal intervals along the lower, upper, 
and terminal parts of the notochord. The tail pigment spots extend on both sides 
of the notochord, and form the largest of the three patches. This is the case from 
the earliest stages. On the other hand, in the Scottish specimens, the black 
pigment is confined entirely to the head and anterior body portion of the larva. 
Only very rarely is pigment found on the tail portion, and then only in the form 
of single chromatophores. One chromatophore may sometimes be found at the 
tail-tip on the notochord and another on the notochord in the middle of the tail. 

Variation in the intensity of development of the larval pigmentation is not 
unusual in other species. Schmidt has shown that Gadoid larvee of the North Sea 
are characterised by weak pigment development. 


Post-LarvAL Form with THREE WELL-DEVELOPED First DorsaL Rays AND 
BEGINNING OF SECOND DorsAaL AND ANAL FIns. 


(Fag. 6). 


The next stage illustrated is that of a specimen caught 30 miles E. of 
Bard Head (60° 15’ N.; 0° 7’ W.) on 13th July 1905, in a depth of 125 metres. 
The specimen had been some considerable time in formalin, and its length when 
examined was 10 mm. Its actual length, when alive, would probably have been 
slightly over 11 mm. Even in this preserved specimen the colour had not entirely 
disappeared. The eyes retain their dark colour, and pigment still covers the head 
and body, but it is not so dark as in the preceding stage. 

This stage may be indicated by the appearance of the elements of the second 
dorsal and anal fins in the tail region. The rudiments of these fins are seen to arise 
on the dorsal and ventral sides of the notochord in the still complete embryonic 
fin which borders the whole tail region. As yet, however, there are no indications 
of the first elements of the caudal fin, for the notochord is straight and the tail 
pointed. 

Most of the specimens in the present collection are at this stage of development. 

The head and body region shows the first signs of that progressive change which 
gradually leads up to the typical form of the adult. The head and body region 
is now slightly more than two-sevenths of the total length, and placed at a somewhat 
obtuse angle to the straight tail. There is no sign of flattening of the larva, however, 
although now the eye has a relatively higher position on the head. It lies im- — 
mediately over the angle of the mouth. The bones of the mouth are well-developed. 
The under jaw is very prominent, projecting beyond the upper, and is toothless. 
The operculum is distinct behind the eye. The fin-rays of the first dorsal fin, 
the pectoral and pelvic fins, show considerable advances in development from the 
preceding stage. There are three well-developed fin-ray elements of the first dorsal, 
and a fourth has made its appearance posteriorly. The three anterior rays end in 
fine filaments and are very long, exceeding the depth of the body. The first ray 
is still the longest. It arises directly over the cerebrum, and its jointed nature is 
easily made out. Its real attachment is much further back. , 

The pectoral fins have increased in size and are large, fan-shaped organs inserted 
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on the body at the upper corner of the gill-opening. The borders of the fins have 
a crenated appearance, but there are no signs of thread-like appendages. The 
pelvic fins have grown greatly, and now extend beyond the mid-point of the larva, 
but, in addition, they have increased their surface enormously by the development 
of subsidiary lobes. Scattered groups of delicate pigment appear on the pelvic 
fins, but there are distinct pigment groups at the tips of the long rays. 

A specimen from Scottish waters of somewhat similar size is described by 
Fulton (1902). The head is about one-quarter the length of the body, and it is more 
than a third deeper than long; in a front view, the breadth of the head is about 
seven-tenths of the height. Fulton also describes the movements in the water 
of the pelagic form at this stage. “ The little post-larval Angler, about 10 mm. 
long, has a very odd appearance as it swims through t he water by the rapid vibration 
of the pectorals and tail, the long black verticals projecting downwards and upwards 
and quiescent below, and the almost equally long, black-tipped rays of the first 
dorsal standing erect on the top of the head. The eyes are large, deep ultramarine 
in colour, and look upwards and forwards, and the mouth is usually gaping, each 
jaw being provided with a row of ten or twelve minute-pointed teeth. They were 
observed to dart and snap at particles in the water.” 


Five Distinct Rays IN THE First Dorsau FIN, THE ELEMENTS OF THE SECOND 
DorsaL AND ANAL Fins CoMPLETE. 


(Fig. 7). 


As the post-larval form grows, there is a progressive development of all 
the different parts. fhe head and body become longer and more massive in 
comparison to the total length of the larva. The fins are also progressively devel- 
oped, and, at the stage illustrated in Figure 7, there are now five distinct rays 
in the first dorsal fin, whilst the elements of the second dorsal and anal fins are 
complete, and the caudal fin has also appeared. The total length of a post-larval 
form at this stage is about 15 mm. when preserved in formalin, and the distance 
from the tip of the lower jaw to the anus 5°2 mm. In the specimen figured, the 
mouth is widely open with the lower jaw the more prominent, and minute conical 
teeth and papillee denoting the positions of future teeth can be seen in both jaws. 
The eyes are now somewhat higher in the head, gradually tending to look upwards 
as well as outwards. The horizontal diameter of the eye is one fourth of the length 
of the body from the tip of the snout to the anus. The anterior margin of the eye 
is slightly more than half its horizontal diameter from the anterior margin of the 
head. The gill openings are large and distinct, and the bases of the pectoral fins 
are inserted on the body almost in a line with the eye at the upper angles of the 
gill-openings. Both pectoral and pelvic fins are extremely well-developed. The 
base of the pectoral fin is kidney-shaped. The membranous fan-shaped portion, 
with fin-ray supports quite distinct, is very large. When fully expanded, the 
pectoral fin covers the bases of the two posterior rays of the first dorsal fin, and 
also the anterior rays of the second dorsal and anal fins. There are no traces of 
filamentous prolongations of the rays. The pelvic fins, inserted on the ventral 
surface of the head, anterior to the pectoral fins, have an extensive surface. The 
longest ray extends behind the second dorsal and anal fins, but the surface is in- 
creased by the development of secondary lobes. These fins are delicately pigmented 
along the rays, and the pigment is most intense at the tips of the rays. There are 
five distinct rays in the first dorsal fin, the tips of which end in long filamentous 
processes. The bases of the rays are enveloped in the same membranous sheath 
which extends some distance up the posterior four rays. In front of the first 
ray, the rudiment of a sixth ray has been formed, the tip of which has just made 
its appearance in a depression above the contour of the head. The interspinous 
elements of the second dorsal and anal fins are now well-formed, and eleven dorsal 
and nine anal rays can be counted extending to the edge of the embryonic fin. 
The embryonic fin, however, is still complete, and extends beyond the tip of the 
still straight notochord. The rays of the caudal fin are much better developed 
on the ventral side of the notochord some distance from the tip, but the basal 
elements of the caudal fin are not yet distinct from each other, 
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Six Rays In THE First Dorsau Fin, THE First RAY STILL SMALL BUT APPEARING 
ABOVE THE ConTOUR OF THE HEAD; SEcoND Dorsat anp ANAL FINS com- 
PLETE. 


(Fag. 8). 


In this post-larval form, there is not a great increase in size, but the 
development of the fins has progressed sufficiently to give some idea of the com- 
plete pelagic form. The peieral and pelvic fins are large ; still, there are no signs 
of filamentous prolongations of the rays of the pectorals. Neither are there filaments 
to the pelvic fins, although this may be due to the difficulty in obtaining perfect 
specimens. The pelvic fins are extraordinary, however, for the principal rays ex- 
tend as far back as the caudal fin, and there is an enormous surface when the fins 
are expanded. 

Another characteristic of these older post-larval forms is the persistence of the 
embryonic fin which still remains broad. The completed second dorsal and anal 
fins add three diameters-to the depth of the tail. EHven the first dorsal fin helps 
to give depth to the fish, for the membranous sheath enveloping the bases of the 
four posterior rays is over three-fourths of the depth of the body. The first two 
rays of the first dorsal are not included in this membranous sheath. The first 
ray is very small, immediately anterior to the second ray, and the tip appears quite 
distinctly above the contour of the head. The second ray 1s inserted on the head 
in front of the middle of the eye. It is relatively further forward than at the 
previous stage. It is still very long, and ends in a filamentous tip. The third ray, 
which is about the same length as the second, arises from the head just posterior 
to the eye. The bases of the three posterior rays are very close to each other, 
and arise far back on the head above the insertion of the pectoral fin. There is, 
therefore, a greater distance between the third and fourth rays than between the 
second and third. 

The rays of the caudal fin are now distinctly formed, and extend from the 
ventral surface of the notochord to the margin of the embryonic fin. The noto- 
chord is still straight at the tip, and is distinct from the rays of the caudal fin. 

The body has not gained much in breadth ; it has not changed greatly in form. 


The pectorals are, therefore, still inserted high up on the side of the body, and the ° 


gill-cover with the branchiostegal membrane is also distinct, when the fish is viewed 
in profile. The mouth is large and well-developed, and the lower jaw very pro- 
minent. The eyes are large, tending to look forwards, as well as outwards. The 
distance from the anterior head contour to the anterior edge of the eye is slightly 
less than the horizontal diameter of the eye. 


Stiasny (1911) has given most complete descriptions of the post-larval forms | 


after the absorption of the yolk. There is a number of points of difference between 
the North Sea specimens and those of the same size from the Adriatic series. 

The smallest specimen described by Stiasny is one of 10 mm. in length, but, 
as it had remained a long time in formalin, its original length may probably have 
been about 11 mm. The stage of development is indicated by the degree of devel- 
opment of the rays of the first dorsal fin. The first ray of the first dorsal fin, 
which later carries the two-lobed appendage, is small, almost rudimentary, and 
sunk in a small groove above the eyes. Directly behind this, there project the 
strongly-developed second and third rays of the first dorsal, which, with the three 
posterior rays, are still connected by a border which is confined to the base. The 
continuous embryonic fin connects these latter with the easily distinguished second 
dorsal fin, in which nine rays may be counted. 

Scottish specimens of a similar length are not so far advanced ii development 
as Mediterranean specimens. At this size, the post-larval forms show only three 
well-developed first dorsal rays, and the beginnings within the embryenic fin-fold 
of the elements of the second dorsal and anal fins in which, however, the separate 
elements cannot be distinguished. 

Similarly, at the later stages, the Scottish specimens are larger than Mediter- 
-ranean ones at the same stage of development. The same feature has been observed 
in other species, for Petersen points out that specimens of Drepanopsetta from 
Iceland are much larger than specimens from the North Sea at a similar stage of 
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Post-Larval Stages. i 


development. It is possible that this difference, and the fact that the smallest 
specimen from the Mediterranean had already the complete number of rays in the 
first dorsal fin, led Stiasny into error regarding the sequence in development of the 
rays of the first dorsal fin. The 10-mm. long specimen, described by Fulton, from 
the North Sea, had not yet developed the true first ray. In reality the first ray 
is the last to make its appearance in the development of the first dorsal fin, and the 
Scottish specimens do not reach this stage of development until they are about 
15mm. long. On the other hand, the Mediterranean forms, at a length of 15 mm., 
show the separation of the first ray of the first dorsal fin into a long thin stalk and 
a flap-like termination. 

Stiasny states that the first small teeth in the upper and lower jaw are visible 
in individuals of 17 mm. long. According to Fulton, the 10-mm. long form, 
described by him, showed 10 to 12 small pointed teeth. Inthe present series, the 
first indications of teeth on the jaws were made out in specimens with five dorsal 
fin-rays. 

A post-larval form of about 30 mm. in length has been described by Agassiz 
(1882), but here again Mediterranean specimens of a similar size are further 
advanced in development than the American one. Agassiz’ post-larval specimen, 
although very much larger than the largest North Sea specimens, resembles these 
much more closely than it resembles the Mediterranean ones. The description 
given by Agassiz may, therefore, be used to bridge the gap between the oldest 
post-larval form here described and the smallest bottom stage. 

“ Although the body is still laterally compressed, the head, which has greatly 
increased in size, as well as the body anterior to the anal opening, have become 
somewhat flattened ventrally, the first trace of the great flattening so characteristic 
of the genus. The anterior part of the head projects proportionally far in advance 
of the orbits, the head sloping less from the base of the anterior dorsal ray than in 
preceding stages. The pectorals have now become enormous; they extend across 
the whole width of the body of the young Lophius; they are lobed at the edge, 
the rays articulated, well-marked, and edged with rows of elongated dark pigment 
spots. The tail is well-formed, though it still retains its ganoid shape, and the 
posterior dorsal and anal, though well-formed, are still connected by a distinct 
remnant of the dorsal and ventral embryonic fin-fold with the caudal fin. The 
anterior dorsal now has five rays, with a rudimentary one anterior to the first formed 
ray. These rays are connected at the base by a fin-fold at a much higher point than 
in younger stages ; they extend far beyond the fold; the extremities curve down 
about a quarter of the length of the ray. The increase in length of the ventral 
rays has been still more remarkable. The original ventral ray is now nearly twice 
as long as the body of the fish, and the second ray extends fully as far as the 
extremity of the caudal fin. There are two shorter exterior rays and one interior 
ray ; they are joined by a membrane extending nearly to the base of the caudal, 
so that when expanded and seen from above the ventrals appear like regular wings.” 

It is to be noted that, in the American specimen, the first ray of the first dorsal 
fin is still small. Again, the membrane, which connects the posterior rays extends 
high up the rays, whereas in Stiasny’s forms this membrane does not extend beyond 
the base of the rays. Further, although the second dorsal, anal, and caudal fins 
are well formed, the embryonic fin-fold still persists. In Stiasny’s series, the 
embryonic fin-fold has dwindled considerably before this size is reached. 

If the above differences are kept in mind, the later stages described by Stiasny 
may be considered briefly. In the young fish of 22 mm. length, the fan-shaped pelvic 
fins have increased to almost twice the length of the body ; at a length of 27 mm. 
the membrane connecting the rays has grown still broader so that they give to the 
fins, especially in movement, the appearance of wings ; whilst, at 30 mm., the 
thread-like prolongations of the rays are still very long, often twice as long as the 
body, or more. In the Mediterranean specimens at a length of 17 mm., there is 
the first sign of the little leaf-like appendages at the border of the under jaw. 
These rugged tags increase in number on the whole body as the fish gets longer. 
There is a general and gradual flattening of the head, and at the length of 50 mm. 
the head has increased still further in size and has grown flatter, the breadth now 
exceeding the height by 2mm. Stiasny states that at this stage, apart from the 
still thread-like appendages, the wing-like pelvic fins and the broad. pectorals 


14 Fishery Board for Scotland. 


have already the appearance characteristic of the fully developed post-larval 
form. 

The largest post-larva described by Stiasny measured 55 mm., but he thinks 
that, when about 80 mm. long, they seek the ground, the natural habitat of the 
adult. 


SMALL Bottom STAGE OF 64 MM. 
(Fig. 9). 


Unfortunately, there is a considerable gap in the series between the largest 
post-larval form and the smallest bottom stage caught in Scottish waters. There 
is no difficulty, however, in recognising the specimen of 64 mm. in length as a 
young Angler, on account of its close approach to the typical adult form. 
Although many of the changes leading up to this form have been radical, they 
have not yet been completed, and it is therefore of interest to compare this stage 
with the preceding one, as well as with the larger forms. 

A small bottom form of 124 mm. (preserved in formalin) has already been 
described by Fulton (1902). It was caught in the month of July in the Dornoch 
Firth in a depth of 8 to 11 fathoms. As it has many characters in common with the 
smaller specimen, Fulton’s description has been incorporated in the present one. 
The relation of the 124-mm. specimen to a series of small bottom forms, which 
have been examined, is considered later. 

The transference from a pelagic to a bottom habit has involved many changes 
both in form and in the relation of the paired and unpaired fins. 

The small specimen of 64 mm. in length is still soft and gelatinous, with an 
abundance of mucoid tissue in the head region. 

The change in form has been brought about mainly by the enormous lateral 
expansion of the bones of the head behind the eyes. The greatest breadth of the 
head behind the eyes is now almost one-and-a-half times the distance from the tip 
of the upper jaw to the occiput, and almost twice the greatest depth of the head. 
The actual measurements are: breadth behind the eyes, 23 mm.; distance from 
tip of upper jaw to occipital region, 16 mm.; depth at occipital region, 13 mm. 
The body narrows suddenly behind the head; its breadth, just behind the gill- 
openings, is 8 mm. The body and tail form an elongated truncated cone slightly 
flattened on the ventral surface. The distance from the occiput to the end of the 
tail peduncle is 32 mm., and the breadth at the tail peduncle, 4 mm. The breadth 
of the body at the head is masked by the disposition and size of the pectoral fins. 
The angles of the large mouth are in a line with the anterior margins of the eyes ; 
the gape with the mouth closed is 19 mm. ‘The eyes are 5 mm. in diameter, and 
the concave interorbital space is only slightly greater than the diameter of the 
eyes. The eyes have, therefore, lost their original lateral position on the head. 

The pectoral fins are large, the fan-like portion being equal to the length of the 
head. They are pigmented at the tips, but there are no filamentous prolongations 
of the rays. The membrane between the rays is still delicate and the fin is capable 
of considerable expansion. The lateral growth of the bones of the head behind the 
eyes has been accompanied by the rotation of the pectoral fins through a right angle, 
so that the surfaces of the fins, when expanded, are now in a horizontal plane, and, 
therefore, more adapted to a bottom habitat. The lateral expansion of the head 
and the adhesion of the edges of the branchiostegal membranes across the isthmus 
have made the gill-openings appear below the axils of the pectoral fins. The pelvic 
fins are inserted on the ventral surface very far forward. They are also pigmented 
at the tips, and are still membranous and capable of expansion. They are much 
reduced in size, however, but the tips of the rays extend back almost to the anus, 
which opens immediately in front of the anal fin. 

The first dorsal fin has altered considerably, the six rays being now well developed. 
The first two rays are very far forward, and arise close to the tip of the snout. The 
second ray is the larger, and, when stretched along the head, reaches to the base 
of the third ray. The first ray is only about half the length of the second. It is 
very delicate and destitute of lateral appendages or fringes, but bears on the tip 
a small membranous horizontal appendage about 4 mm. long, attached by the middle. 
This membranous appendage is usually curled on itself in preserved specimens. 


Small Bottom Stage. 15 


Examination shows that it is provided at the free border with small hair-like 
filaments. As Fulton remarks, it presents an extraordinary superficial resemblance 
to an Amphipod. 

The third ray of the first dorsal fin is quite separate from the others, and arises 
from the head just in front of the two occipital spines. It is only slightly smaller 
than the second ray. The three posterior rays are united by their bases to the skin 
membrane, and arise on the dorsal surface of the body. They decrease in size 
posteriorly. All the rays of the first dorsal fin, except the first, are feathered 
laterally with membranous fragments. 

The spines on the head are well developed, and appear very prominent in these 
small preserved specimens. The most prominent spine lies posterior to the eye. 
Other prominent spines are two on the inner margin of the orbit, and the two 
occipital spines. 

The upper surface of the body is covered with tag-like processes of skin which 
simulate seaweed. These skin-fragments are especially numerous as a fringe along 
the middle line of the body and along the margin of the lower jaw. The skin-tags 
are even present on the upper surface of the pectoral fins. 

Little can be said with regard to the exact colouring of small preserved speci- 
mens. The general colour of the smaller specimens may be described as grayish- 
brown, but a gradual transition to the typical adult coloration can be followed 
with the increase in size of the specimens. 


DEVELOPMENTAL CHANGES IN SMALL Bottom Forms. 


Although the small specimen of 64 mm. had assumed the bottom habitat, the 
transition from the pelagic to the bottom form had not been completed. 
Further changes take place before the typical miniature adult form is assumed. 

A series of small specimens, ranging in size from 64 to 344 mm., has been examined 
and careful measurements made. 
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Developmental Changes in Small Bottom Forms. ib) 


All the specimens were measured after preservation in formalin. The Angler 
is a form on which measurements are not easily taken, but, as far as possible, only 
those have been selected which can be made between definite and comparable 
points in the several specimens. For the present purpose, the specimens have been 
arranged in series according to their lengths from the tip of the lower jaw to the 
end of the tail peduncle (?.e., length without caudal fin). For each specimen, 
this measurement has been used as the standard, and all other measurements have 
been calculated as percentages of this standard length. The total length has been 
given in brackets for the purpose of ready reference. 

The head length of Lophius is difficult to define, and measurements have there- 
fore been made from both the lower jaw and upper jaw to a point in the occipital 
region between the two strong occipital spines. Breadth of head has been measured 
behind the eyes, the fringe of tag-like processes acting as a guide to the limits. 
Depth of head is perhaps the most unsatisfactory measurement, as it depends 
ereatly on the degree of distension or depression of the head at the time of death. 
The vertical distance of the occiput above the flat surface on which the specimen 
lay has been taken as a measure. In order to secure uniformity for the paired 
fins, these have been measured from their insertions to the tip of the longest ray. 

The number of specimens examined is certainly small, and discrepancies may 
arise through individual variations, but, when these points are taken into con- 
sideration, the general trend of the developmental changes is sufficiently obvious 
to allow certain conclusions to be drawn from the data obtained. The results- 
have been plotted out in a diagram, the standard lengths being represented as 
abscisse, the percentage-lengths of the various measurements as ordinates. Any 
change in the relative growth of the different parts with increasing size of specimen 
will thus be indicated by the slope of the lines. Curves have been drawn as uniformly 
as possible among the points for each series of observations. After a length of about 
150 mm. (185 mm.), these curves in general run parallel to the abscissal axis. The 
interpretation is that the young Angler at a length, without caudal fin, of 150 mm. 
(or about 185 mm. total length), has completed its metamorphosis, and acquired 
its true bottom form, and that thereafter the growth of the different parts is uni- 
form. 

The changes from the typical pelagic form to the bottom form of 150 mm. length 
(185 mm.) are orderly and progressive. The length, breadth, and depth of the head 
decrease regularly, although slightly, in proportion to the length of the fish. The 
relation, head length to head breadth, is established before the Angler reaches a 
length of 48 mm. (or 64 mm. total length). On the other hand, the distance from 
the tip of the lower jaw to the anus, relative to the total length, increases slightly 
as the fish grows, until the length of 150 mm. (185 mm.) is reached. In other 
words, until this length is reached, the body portion between the head and anus 
grows relatively most quickly. 

There are also orderly changes in the relations of the fins to the total body 
length. Here again, however, the paired fins and the caudal fin have assumed 
their definite proportional size when the fish has reached a length of about 150 
mm. (185 mm.), and after this length, these fins grow uniformly with the fish. 
The transition is most rapid in the relative length of the pelvic fins, and least rapid 
in the caudal fin, as was to be expected. The proportional length of the pectoral 
fins to the total length falls from over 50 per cent. at a length of 48 mm. (64 mm.) 
to an average of 33 per cent. at 160 mm. (195 mm.), whilst the pelvics fall from 
40 per cent. to between 16 and 17 per cent. within the same limiting sizes. 

The changes in growth of the rays of the first dorsal fin are also of considerable 
interest. It has already been seen that the first dorsal fin, on account of the ex- 
tension of the rays and the development of the membranous sheath is of consider- 
able importance during pelagic life. The first two rays, however, are not included 
in this common membranous sheath, but are gradually shunted further and further 
forward on the top of the head by the rapid growth of the interspinous elements, 
until their free portions arise only a very short distance behind the tip of the snout. 
The first ray is the last to develop, and is at first very much smaller than the second 
ray. In the smallest bottom form examined, it is less than half the length of the 
second ray. The diagram shows that the second ray loses its relative importance, 
and only after the small bottom form has attained a length of 65 mm. (83 mm.), 
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does the second ray grow regularly with the increasing length of the fish. The 
first ray, however, although starting late, grows uniformly but more rapidly in 
proportion to the increasing length of the fish, so that in the largest specimen 
examined the first ray is almost as long as the second. : 

The measurements of the small specimen described by Fulton (1902) may now 
be compared with those given for the present series in Table I. The following 
are the comparable measurements :— 

In percentages of 


Length without caudal. 

Total length . 3 : : : 124 mm. == 
Length without caudal fin : 4 O97 i. —- 
Length of caudal fin ; : : 2 ities 25°3 
Tip of snout to base of third ray 

(length of head) . ; ; IS 28°3 
Greatest breadth of head : ; Aas 48°5 
Greatest height (depth) . ; : 20s, 20°2 
Length of pectoral fin. é : SOs 30°35 
Length of pelvic fin 5 A : 28s 23°2 
Distance from lower jaw to anus ; Olsmis 67:7 
Length of first ray of first dorsal. Gir 61 
Length of second ray of first dorsal . bore 17:2 
Diameter of eye . : ‘ ; Weare — 
Distance between the eyes : 5 1 bre — 


If due allowance is made for differences which may arise through the selection 
of different points from which the measurements were made, it is seen that Fulton’s 
specimen can be placed in its position in the series, and these independent measure- 
ments give ample justification for the correctness of the deductions regarding the ~ 
developmental changes. | 


OTHER SMALL Bottom Forms. 


Two small specimens, 94 mm. and 78 mm. long respectively, from the West 
Coast of Norway, have already been described by Diiben and Koren (1844) as 
Lophius eurypterus. Giimther (1861) compares these two specimens with small 
forms from the Mediterranean, and although there are many points of difference, 
he concludes that they do not belong to a separate species, but are Lophius pis- 
catorius. Considerable difficulty arises when one tries to compare either Giinther’s 
specimens or the Norwegian specimens with the present series, especially regarding” 
the relative proportions of the different parts. Giimther does not state definitely 
the sizes of the Mediterranean specimens, although one may infer from those 
figured and described that they are younger than the Scottish or Norwegian ones, — 
the post-larval characters being still well marked. The short description given of 
the Norwegian specimens is also applicable to the Scottish specimens. “ The — 
head is broader than long—its length (from the extremity of the snout to the margin 
of the gill-cover) being one half of that of the remainder of the body, the caudal — 
fin not included. The dorsal spines are comparatively short, the length of the first 
being only one half of that of the second, or one-fifteenth of the total length of the — 


which form the continuous dorsal are similarly fringed, and the rays of i 
dorsal project very slightly beyond the membrane. The pectoral is exceedingly 
broad, and extends beyond the margin of the anal. The ventral also is broad and 
can be expanded like a fan.” 3 

In the Norwegian specimens, as figured, the length of the pectoral fin appears 
to be in fairly close agreement with the Scottish specimens of similar size. It has 
already been pointed out, however, that all measurements of the paired fins are 
open to objection unless the points from which the measurements have been made 
are given, and that the length of the young form is also taken into consideration. 

The Scottish specimens show that the first ray is late in developing, but that, 
as the fish grows, the first ray increases at a greater rate than the others. The 
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variation in length of the first ray in young specimens and its greater development 
in adult specimens cannot be held to prove, as is suggested by Giinther, that this 
ray 1s exposed to injury and is reproduced when lost. He neither knew the course 
of development of this ray, nor does he give the absolute lengths of the young 
specimens examined. 


THE ADAPTATIONS oF LopHius PISCATORIUS TO A PROLONGED PERIOD OF 
PreLacic EXIsTENCE. 


Hitherto, the absence of complete information of the different developmental 
forms has led to the view that the pelagic stages of existence were passed. through 
very quickly. For the North Sea, where sheets of spawn had occasionally been 
recorded, there was no definite information as to the post-larval stages, the youngest 
stages known being bottom forms which had reached a length of 12 cm. Fulton, 
therefore, reasonably assumed that the absence of records of the small forms was 
due to the fact that the pelagic life was very short, and that these forms soon 
reached a habitat, such as the sea-weed zone, where they were inaccessible to the 
ordinary fishing apparatus. On the other hand, the spawn and very early stages 
were unknown to Stiasny from the Gulf of Trieste, where numerous older post- 
larval stages were caught during three months of the year. He, therefore, also 
concluded that the pelagic stage of Lophius was of very short duration. 

It has already been stated that individual eggs, freed from a sheet of spawn 
recently extruded, floated at the surface of sea-water and appeared like normal 
large pelagic fish eggs. Pieces of the spawn with the contained eggs also floated 
at the surface, but the gelatinous material itself when freed from the eggs sank 
slowly. 

The evidence which may be deduced from previous observations on the sheets 
of spawn—whether they float for a time at the surface or are found normally in 
the lower water layers—is not convincing. 

The remarks made by Milroy (1897) on the egg masses of Lophius in his 
researches on the physical and chemical changes taking place in the ova of marine 
teleosteans during maturation are of interest. “The ova of Lophius piscatorius 
may be perhaps regarded as a class distinct from the ordinary demersal ova. When 
immature they have a volume of about °268 cubic mm., when mature 4:18 to 
5 cubic mm. These eggs are of especial importance, as they are examples of ova 
which are dependent for their floating capabilities, not on their specific gravity, 
but on that of the gelatinous sheet in which they are embedded. Again, the 
specific gravity of the interstitial mucoid-lke tissue, with the eggs embedded in 
it, was 1-005, while the ripe ova alone had a specific gravity of 1-030 to 1:035. In 
the ripe Lophius roe 20°22 per cent. of the total weight is due to the ova, and the 

_ rest to the mucoid-like tissue.” It is to be observed, however, that these experi- 
ments were made on ova which had not been spawned, and the specific gravity 
given for the eggs is probably higher than it would be for eggs which had been 
extruded. 

If the table of records of isolated eggs caught in the North Sea be examined, 
it will be found that most of these were caught in the tow-nets in the surface layers. 

Observations made on larvee newly hatched from isolated eggs captured in the 

_ North Sea showed that a considerable quantity of unused yolk still remained, and 
that these larve were able to float at the surface. It was not until the yolk had 

_ been considerably reduced that they sank to the bottom of the vessel. 

% According to Mr. Dunn, Mevagissey, Cornwall, who sent a sheet of spawn to 

_ Cunningham, he saw the spawn from the cliffs as a dark-coloured patch in the 

_ water, and next day took a boat, found it, and brought it ashore. 

Meek (1903) states that a sheet of spawn, obtained off the coast of Northumber- 

_ land, was caught five fathoms under the surface, and Lo Bianco (1908-9) also records 

the fact that a portion of spawn from the Mediterranean was found floating three 
metres under the surface. Williamson (1911) has suggested that the sheet of 
spawn may float some distance below the surface water, but gives no reason for 
this view. In these three cases it is known that the embryos were well developed. 

A large mucoid band obtained by Fulton (1902) in a trawl haul made in Aberdeen 
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Bay on Ist August 1901, in 6 to 12 fathoms, contained eggs with embryos far 
advanced in development, and indeed some of the embryos had already hatched 
out. 

While positive evidence as to the buoyancy of the sheets of spawn is as yet 
perhaps too meagre, a study of the remarkable adaptations of the larval and post- 
larval forms to a pelagic life will convince one that the method of oviposition is 
admirably adapted to a long period of flotation for the eggs, if not at the surface 
for the whole period, at least in the upper and middle water layers. 

The eggs are spread out in a single layer and bound loosely together, in a 
gelatinous matrix, which is often over 30 feet long, 2 feet broad, and less than 
3 mm. thick. This thin sheet of spawn may, therefore, cover an area of over 60 © 
to 70 feet square. It is weil known that such a body in which the surface is not 
only large compared with its volume, but whose surface presents a large area at 
right angles to the direction of sinking, will sink much more slowly than a body of 
a similar volume but with a much smaller surface. High specific gravity and 
viscosity of the water are also factors which will aid the flotation of the spawn over 
an extended period. 

There is no very definite information regarding the length of time which the 
eggs of the Angler take to hatch. The statements made by Fulton (1902) may be 
conveniently quoted here: ‘‘ The nature of the yolk, and the advanced condition 
of the larva on issuing, argue a more prolonged period for the embryonic development 
than in the case of pelagic eggs. On the other hand, the temperature of the surface 
water in May, and still more in June and July, is high, and, judging from the period 
in the case of a large pelagic egg like that of the plaice, it is probable that the eggs 
of the Angler require over three weeks in May and more than a fortnight in July 
before hatching occurs.” 

As already stated, the larve hatched from isolated eggs retained considerable 
yolk even after they had been hatched a week. They also floated at the surface 
of the water. In the sheets of spawn, however, the newly-hatched larva does not 
immediately escape from the investing gelatinous sheet. Agassiz’ illustration 
supports this conclusion. Fulton, describing the sheet of spawn obtained by him 
in Aberdeen Bay, states that the embryos were well advanced, and that some had 
already hatched out. 

Thus, the specific gravity of the eggs themselves and the loose binding together 
in a gelatinous matrix of extended surface, tend to ensure for such large eggs flotation 
in the upper water layers and for the larva, with yolk much reduced and pectoral 
fins well developed, liberation from the investing jelly as far as possible from the 
bottom. 

A consideration of the remarkable developmental changes which take place — 
during pelagic life will at once convince one that the transitions are gradual, and 
that the typical bottom form is attained only after an extended period. 

Large surfaces, at right angles to the direction of sinking, are developed by the 
extraordinary increase in length and in spread of the membranous pelvic fins. 
These long and greatly expanded fins, inserted very far forward on the ventral 
surface of the body, add greatly to the surface without a corresponding increase 
in weight, and hence by the lively up-and-down motion of these membranous 
planes, the small forms will not only keep suspended in the water, but will tend to 
rise to the upper water layers. 

Stiasny’s statements regarding the mode of life of the older post-larval forms 
are instructive. These were caught in the Bay of Trieste, in the day-time, but not 
in the open sea. He caught them with a simple hand-net, or with a small net on 
a long rod. “ They are lively swimmers, while the adults are ground dwellers. 
We usually found them swimming in the upper water layers or in small depths in 
which they were easily seen by their thread-like appendages, and the lively up- 
and-down motion of their pelvic fins in striking contrast to the strongly vibrating 
pectoral fins. Sometimes we found them suspended without motion in the water 
or on the rocky wall of the harbour, lying peacefully upon the rich and luxuriant 
sea-weed.”’ . 

There are other modifications for a pelagic existence in these small forms. 
The embryonic fin, at the escape of the larva from the egg is very broad, and it 
persists for a remarkably long period. It even persists after the true fins have 
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been formed. Further, during the development of the first dorsal fin, the membrane 
connecting the elongated rays rises very high between them, so that the depth of 
the larva is considerably increased, also without much additional weight. Thus, 
the great development of these structures along the median line of the body gives 
the young fish much greater stability whilst living in the upper water layers. This 
stability is still further increased by the enormous development of the paired pec- 
toral fins which are expanded fan-like and attached high up on either side of the 
body. 

In short, the morphological changes through which the Angler passes during 
its early life-history must be regarded rather as adaptations to a pelagic mode of 
life than as structures reminiscent only of pelagic ancestors, and that only after 
an extended period and when the young fish has reached a considerable size do 
retrogressive changes bring about a form suited to life at the bottom. 


Tor OCCURRENCE OF THE SHEETS OF SPAWN. 


Notwithstanding innumerable investigations carried on, especially in recent 
years, over the extensive area in which adult Anglers are caught, the number of 
published records of the occurrence of the spawn of the Angler, and of its larval 
and post-larval forms, is strikingly small. The few isolated records are from areas 
very widely separated; the east coast of America, the North Sea, the English 
Channel, and the Mediterranean in the neighbourhood of Naples. No satisfactory 
explanation has been offered why the records of such a conspicuous object as the 
spawn of the Angler are so few. Agassiz (1882), who was the first to describe the 
appearance of the spawn, gives no information as to the frequency of its occurrence 
on the American side of the Atlantic. Gull (1905), however, in his story of the life 
of the Angler, makes the following statements :—** About the end of summer, the 
fishes seek shallower water, and the inhabitants of the depths advance upwards ; 
the sexes must then consort together, but in what manner and what rites of marriage 
are performed is unknown ; the result, however, is that about the time indicated, 
the fishermen on the New England coast often notice a substance floating on the 
water, which they term a ‘ purple veil.’”’ It would appear from this statement 
that the spawn is not infrequently met with, since the fishermen have coined a 
popular name for it, and it is, therefore, of interest to have a more recent and 
definite record from this area, by Murray and Hjort (1912). During the voyage of 
the Michael Sars across the Atlantic, a large cluster of Angler eggs was found at 
Station 69 (41° 39’ N.; 51° 4’ W.), from which the embryos were hatched. ‘ Angler- 
fish only inhabit the coast-banks, so that our find of slightly developed eggs that 
could not have been drifting many days indicated that we were now in the neigh- 
bourhood of the American coast.”’ 


ScottisH RECORDS OF OCCURRENCE OF SPAWN. 


Definite records of the occurrence of the gelatinous bands have been 
made mainly by Scottish workers, but when all the records are collected, they 
do not form a very imposing list. Prince (1891) says that ege-masses have 
occasionally been seen, and Mr. (Now Dr.) Thomas Scott, F'.L.8., found a mass of 
spawn stranded on the beach east of the flagstaff on Hlie Ness, in July (presumably 
July 1890). It was between twelve and thirteen yards in length. Later, two 
additional specimens were obtained by the Fishery Board for Scotland. One was 
secured off Kinnaird Head on 18th February 1891, and Fulton got a second mass 
of eggs of Lophius in the Firth of Forth in J uly 1891. _Another large mucoid band 
was obtained by Fulton (1902) in a trawl haul made in Aberdeen Bay on the 1st 
August 1901, in 8 to 12fathoms. The embryos were far advanced, and some indeed 
had already hatched out. 

M‘Intosh and Masterman (1897) state that the masses are sometimes caught 
by the ropes and nets of the salmon stake nets off the east rocks at St. Andrews. 
On 10th July 1891, a considerable portion of the gelatinous mass containing the 
ova of the Angler was found in the stake nets off the Hast Rock, having apparently 
been swept in by the currents and entangled in the meshes. 

M‘Intosh and Prince (1890) in a footnote refer to the rarity of the floating ova 
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on the east coast of Scotland. Further, they say that, so far as is known, the 
spawn is also uncommon on the west coast, though there, and off the south coast, 
it had once or twice occurred recently. No definite records are given. 

A mass of spawn was sent to Williamson (1911) from Sandhaven, on July 15th 
1907, from which embryos hatched out two days later. Again, on 25th June 1908, 
a sample of eggs was sent him, which had been obtained 5 miles east of Loch Braca- 
dale. 

On 4th May 1916, a sample of spawn was brought into Aberdeen Fish market. 
It had been taken by the steam trawler Cygnet at 57° 37’ N.; 0° 53’ E. The jelly- 
hke mass was taken off the net after a trawl haul. The mass of spawn was not 
in the bag of the net, and there is no evidence as to the depth at which it may have 
been floating. The spawn had been kept in a very limited supply of fresh sea- 
water for three days on board the trawler. A number of living eggs was separated 
from the gelatinous material and kept in a large volume of fresh sea-water in the 
laboratory for some days longer, until the outline of the embryo could be distin- 
guished in the egg, thus proving that the eggs had been fertilised. As there were 
no traces of developing embryos in the eggs when captured, it may be concluded 
that the mass had been recently extruded. 

Meek (1903) records the capture of a sheet of spawn in herring-nets 15 miles 
off Beadnell, Northumberland, at a depth of 5 fathoms, on 23rd July 1902. Pro- 
fessor Meek kindly informs me that the embryos were far advanced in the eggs. 

A sheet of spawn has also been got from the neighbourhood of the English 
Channel. Cunningham states that he received a sheet of spawn from Mr. Dunn, 
Mevagissey (Cornwall), on 24th June, the eggs of which contained embryos well 
advanced in development. He also remarks (1912) that the sheet of spawn of the 
Angler has been frequently obtained off the south coast of England. 

Ehrenbaum (1905) says he has caught spawn in the Skagerrak in the beginning 
of July. 

Schmidt (1906) states that, although Sas lives in the northern part of the 
Kattegat, it does not propagate there. 

The above are the positive records of occurrence of the mucoid bands, and, as 
Prince remarks, their paucity is all the more remarkable, because the eggs float in 
large masses in ‘the sea, and, unlike most pelagic ova, would appear to be especially 
subject to observation. 

The remaining records of spawn are from the Mediterranean, and these are 
given by Lo Bianco (1908-9). A broad cluster of pelagic eggs with embryos in dif- 
ferent stages of development was obtained on 21st January, and again a floating 
gelatinous cluster (in which the eggs were all in the same stage of development with 
embryos apparent) six-and-a-half metres long and thirty centimetres broad was 
fished at a depth of three metres. He calculated that there were about 150,000 
eggs in the mass, so that he had probably only obtained a portion of the mass. 
The various records are shown on the accompanying table. 
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Locality. 


Evin Ns 5 
0° 53’ EH. 

E. of Flagstaff 
on Klie Ness, 
Fife 

Off Kinnaird 
Head 


Firth of Forth 


Aberdeen Bay 


East Rock at 
St Andrews 
Sandhaven 


5 miles EK. of 
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miles 
Beadnell 
(Northum- 
berland) 
Skagerrak 


15 oft 


Mevagissey 
(Cornwall) 


Naples 


ALISO IN: 
51° 4’ W. 
Coastal waters, 


western At- 
lantic 
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TABLE II. 
Recorps or Spawn. 
Date aoe Embryos Authorit 
: obtained. BTL: : J 
3rd May 1916 | Sticking to Kegs recently | Present report. 


July 1890 


February 1891 


July 1891 


Ist August 
1901 


10th July 1891 


| 15th July 1907 


25th June 1907 


22nd-23rd July 
1902 


July 


24th June 


21st January 

27th February 

29th June 
1910 


Karly in June 
and late in 
August 


trawl net 
Cast ashore 


Ordinary 
trawl 


Cast ashore 


Floating 


under the 
surface 

Floating 5 
fms. under 


surface 


Seen from 
shore float- 
ingatsurface 


Floating under 


the surface 
Floating 


Floating 


spawned 


Embryos well 
developed 


Embryos well 
developed 
and some 
hatched 

Embryos far 
advanced 

Embryos well 
advanced 


Embryos iar 
advanced in 
development 

Hees with 
embryos 


Eggs with 
embryos well 
developed 

Embryos well 
developed 

Kegs with em- 
bryos slightly 
developed 

Kegs with em- 
bryos de- 
veloped 


Dr. Thos. Scott. 
Prince (1890). 


Dr. T. W. Ful- 


ton. 


Prince (1890). 


Dr. T. W. Ful- 
ton. 

Prince (1890). 

Fulton (1902). 


M‘Intosh and | 
Prince. 

Dr. H. C. Wil- 
llamson 
(1911). 

Dr. H. C. Wil- 
liamson 
(1911). 

Prof. A. Meek 
(1903). 


Khrenbaum 
(1905). 

J. T. Cunning- 
ham (1896). 


Lo Bianco 
(1908-1909). 

Murray and 
Hjort (1912). 


Agassiz (1882). 


The records of the occurrence of isolated pelagic Lophius eggs are all from 


Scottish waters. Other references have been made to the occasional occurrence 
of such isolated eggs, but no precise statements are given of the numbers, date, 
or locality. For example, Ehrenbaum in “ Nordisches Plankton ”’ merely mentions 
the fact that isolated pelagic eggs of Lophius also occur. 

The single record of the capture of an isolated egg in Scottish waters was made 
by M‘Intosh in 1891. He refers to the occurrence of an exceptionally large egg 
caught in a tow-net in St. Andrews Bay by the Garland on 3rd July 1891. “A 
week later, a considerable portion of the gelatinous mass containing the ova of the 
Angler was found in the stake nets, off the Hast Rock, having apparently been 
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swept in by the currents and entangled in the meshes. The isolated egg had the 
same characters as the eggs in the mass.” He concludes that there are few eggs, 
if indeed any, with which it can be confounded. 

Altogether, 156 isolated eggs have been taken in the collections made by the 
Goldseeker in the eleven years 1904-1914. These records are, therefore, very 
numerous when compared with previous records of isolated eggs. The occurrence 
of these is given in the accompanying table and chart. 


[TaBLE. 
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It has already been noted that most of the eggs were taken in the surface tow- 
nets. All were captured, however, in the northern North Sea, north of 57° Latitude. 
It has been impossible to express within the limits of a single chart the number 
of times the various localities have been visited within the eleven years under 
observation. Even from Chart II., however, it can be seen that the stations south 
of 57° North Latitude have been visited very frequently at all periods of the year. 
The negative records from these stations are, therefore, of considerable importance 
in dealing with the distribution of these isolated eggs, which, if present, could have 
been so readily caught in the tow-nets. 


THE SPAWNING PERIOD. 


Fulton (1902) discusses the spawning time of the Angler from the evidence of 
the occurrence of the ripe adult. On the east coast of Scotland, the males are 
apparently earlier than the females. A ripe male was got off Lossiemouth on the 
3rd November, and on the 20th and 24th December two ripe males were obtained 
at Burghead in shallow water. He also quotes Holt as having found a ripe male 
25 inches long in 115 fathoms, in March. Females apparently almost ripe, with 
very large ovaries were taken in February, on the east coast of Scotland, and Holt 
found spent females of 30 inches in length in June, and one of 40 inches in March. 

The times of occurence of the sheets of spawn and of the isolated eggs give much 
more definite information regarding the duration of the spawning period. This 
period appears to be an extended one. On the Scottish coast, one sheet of spawn 
was obtained off Kinnaird Head on 18th February, and another, in which the 
embryos were far advanced, was obtained in Aberdeen Bay as late as Ist August. 
The record from 57° 37’ N.; 0° 53’ E., made on 4th May 1916, is the only one in 
which the eggs were in the initial stages of development. Isolated eggs were cap- 
tured as early as 18th March 1914. On that date, five eggs, in which there were 
no signs of developing embryos, were obtained at 57° 57’ N; 3° 10’ W. Again, 
on the 3lst March 1905, at 58° N.; 2° 54’ W., there were taken fifty-three isolated 
egos of Lophius, in which the embryos were very far advanced in development ; 
in fifty of these, the embryos stretched two-thirds round the yolk, and were thus 
almost ready to hatch out. One must conclude, from the appearance of these 
egos so far advanced in development at that time of the year. that they must have 
been spawned very much earlier. On the other hand, isolated eggs, captured on 
the 5th July 1913, showed no traces of developing embryos. 

These records, therefore, show conclusively that the spawning period in Scottish 
waters begins as early as February, and extends at least to the first weeks in July. 

Ehrenbaum (1905) does not add any original information to our knowledge of 
the spawning period, except that eggs were obtained by him in the Skagerrak in 
the beginning of July. In his tables of the plankton eggs of fishes occurring in the 
North Sea, he restricts the spawning period to the months June, July, and August. 

Agassiz and Whitman (1885), from the American side of the Atlantic, state 
that the floating eggs of Lophius have been obtained early in June and late in 
August, and Murray and Hjort’s record for 29th June is in agreement. 

The two samples of spawn, got by Lo Bianco in the Mediterranean on 21st 
January and 27th February, show that spawning in that area is very early. In 
both cases, embryos were well developed in the eggs. 

The statements by Stiasny and Graeffe, regarding the spawning season for the 
Mediterranean fish, must be taken with great reserve. Neither of these authors 
gives actual records of the occurrence of the eggs, but they deduce the time of 
spawning from the capture of the post-larval forms. Graeffe (1888) gives the 
spawning period as December and January, because young forms are found swim- 
ming pelagically in the sea in the months of February, March, April. His remark 
that he believes the eggs may be pelagic, suggests that he did not know the eggs of 
the Angler. 

Stiasny (1911) mentions that the eggs of Lophius have not been observed in 
the Gulf of Trieste, but suggests that the frequently-occurring adult probably 
spawns in the winter months. This conclusion is based. on the time of occurrence 
of the post-larval forms, and its validity will be considered later. 

The time of spawning given for the Mediterranean fish does not conflict in any 
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way with that for those of the North Sea. It is well known that, for a species 
with such a wide distribution, spawning occurs earliest in the south, and’ gradually 
gets later and later towards the north. (For example, the Hake, which has a dis- 
tribution very similar to that of the Angler, spawns much earlier in the Mediter- 
ranean than west of the British Isles.) The only definite record of the spawn 
between the widely-separated areas, the Mediterranean and North Sea, is the one 
given by Cunningham for Plymouth. The spawn was got in June with the embryos 
far advanced in development. Hence, one may say, with some degree of confidence, 
that the spawning of the Angler in European waters begins at least as early as 
January in the Mediterranean, and gets later and later further north. In the 
Scottish area, spawning begins at least as early as March, and extends to the last 
weeks in July. 


THE OCCURRENCE OF THE Post-LARVAL Forms. 


There is only a single record of the capture of a larval form in the North 
Sea. This specimen was taken by the Goldseeker at 58° 26’ N.; 0° 8’ W. on 
the 15th July 1914. The absorption of the yolk was almost complete. 

The time and place of occurrence of the post-larval stages in Scottish waters 
agree with what has already been stated concerning the spawning. The records 
are most numerous for the months of July and August, so that the height of the 
spawning season in Scottish waters probably occurs in the month of June. Further, 
most of the post-larval forms were got north of 58° North Latitude, but the greater 
number of these specimens was caught in the lower water layers, in contrast to the 
isolated eggs which were taken mainly at the surface. 

The oldest post-larval form from the North Sea, which measured 16 mm., was 
captured at 57° 17’ N.; 1° 3’ W. in a Petersen Young Fish Trawl fishing in a depth 
of 103 metres on 11th September 1909. This post-larval form had the six rays 
in the first dorsal fin, and the second dorsal and anal fins were completely formed, 
the rays extending to the margin of the embryonic fins. The pectoral and pelvic 
fins had also attained their extraordinary development. The other specimens, 
which had reached a similar degree of development, were captured in the month 
of August in the Atlantic, north-west of Scotland. 

There are one or two previous records of post-larval Anglers from Scottish waters 
which may be referred to here. There is the post-larval specimen described by 
M‘Intosh and Prince (1890), which was caught in 25 fathoms, 15 miles off May 
Island, on 30th August 1886. It is a mutilated specimen, which, from its size and 
description, is probably a young post-larval form in which the second dorsal and 
anal fins have not yet appeared. 

Another specimen from Scottish waters was caught by Williamson (1909) in 
Loch Fyne, near Otter, in a tow-net worked horizontally about five fathoms below 
the surface, on 28th J uly 1899. The specimen preserved in spirit measured about 
7 mm., and it had two dorsal filaments developed on the head. It is, therefore, 
a very young post-larval form. 

The detailed list of larval and post-larval stages captured in Scottish waters 
is given in the following table :—- 


(TABLE. 
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TABLE IV. 
LARVAL AND Post-LarvaL Stages oF LOPHIUS PISCATORIUS IN SCOTTISH 
WATERS. 
Date | ‘Duration| Length 
Locality. of Apparatus. | Depth. of Ole om Remarks. 
Capture. Haul. Larva. 
60° 15° N. 0°7' W. | 13-7-05 | 1m. ch.cl. | 125m. | }hour./10mm. / Three rays in first dorsal 
fin. Pectorals and pel- 
| vics large. 
Do. Do. Do. 40m. | Do. |10mm. | Pelvics well developed. 
BOS SSN. 0828! Eh e705 Do. | 188 m Do. 86mm. | Three rays in first dorsal fin. 
Kinnaird Deep . ./| 15-7-05 Do. | 96m Do. |11°5mm. | Four rays in first dorsal fin, 
(57° 44’ N. 2°12’ W.)} | Larva well pigmented. 
58° N. 2° 54° W. .| 19-7-05 Do. 40m. | $ hour | 81mm.j| Three rays in first dorsal 
fin. Pelvics extending 
| behind mid-point of body. 
59° 31’ N. 0° 37’ BE. Do. Petersen 45m Do. |11°5mm. | Four rays in first dorsal fin. 
Young 
fish trawl 
58° 13’ N. 1°82’ W.} Do. Do. 45m. | Do. |10°9mm.| Four rays in first dorsal 
filamentous. 
58° 34’ N. 0° 47’ KE. | 20-7-05 Do. Om Do. 9mm. |Poorspecimen. Three rays 
in first dorsal fin. 
nie 34. Ne Ol! Wi Do. 1m.ch.cl. | 10m. Do. 76mm. | Three rays in first dorsal. 
Pelvics well developed. 
58° 48’ N. 0° 7’ W. | 11-7-06 Do. 108 m. Do. |10 mm. ae 
60° 34’ N. 3° 53’ W. | 11-8-07 | Petersen 505 m. Do. |115mm. | Elements of second dorsal 
Young and anal fins established. 
fish trawl] Sharp conical teeth pre- 
sent. 
‘ Do. Do. Do. Do. | Do. |10mm._ | Five rays in first dorsal fin. 
59° 54’ N. 7° 6 W. | 12-8-07 | 1m. ch. cl. | 100m. |} hour |17 mm. | Six rays in first dorsal fin. 
Do. Do. Do. Do. | Do. {17 mm. |Second dorsal and anal 
complete. 
59°36’ N. 7° W. 17-8-07 Do. 50 m. Do. |10°8mm.| Four rays in first dorsal. 
: Beginning of second dor- 
sal and anal fins. 
SEMICON TO MiG Do. Do. 100 m. Do. .|15mm. |Six rays in first dorsal. 
Tnterspinous elements of 
second dorsal well formed. 

Do. Do. Fry net 400 m. | $ hour ;11 mm. Do. 

57° 380‘ N. 1° 19’ W. | 23-7-08 | Petersen 60 m. | } hour |11 mm. | Four rays in first dorsal fin. 
Young 
fish trawl 

58° 17’ N. 1°3/’ W. | 11-9-09 Do. 103 m. Do. j|16mm. |Six rays in first dorsal. 
Second dorsal and anal 
fins complete. Pectorals 
and pelvics large. 

By SY IN. BP Woe 12-7-10 | lm.ch.cl. | 99m. | hour |10mm. | Specimen damaged. Three 
rays in first dorsal fin. 

59° 40’ N. 1°14’ W.| 8-8-10 Do. 95 m. Do. 9°5mm. | Three rays in first dorsal fin. 

57° 22'N. 1°6’ W. |} 7-8-11 Do. 83 m. Do. |10mm. | Three rays in first dorsal, 

fourth just appearing. 

57° 43’ N. 0° 38’ E.| 8-8-11 Do. 86 mm. Do. /|14'5mm. | Five rays in first dorsal. 

58° 55’ N. 2°14’ W./| 16-8-11 | Fry net 80m. | } hour | 9mm. | Two specimens; each four 
rays in dorsal fin. 

60° 17’ N. 2°20’ W.| 17-8-11 | 1m. ch. cl. | 118m. | dhour | 9mm. | Three rays in first dorsal ; 
fourth just appearing. — 

60° 2) N. 1° 46’ W. | 17-8-11 Do. Om. Do. |10°5mm. | Four rays in first dorsal. 

59° 31’ N. 0° 37’ HE. | 16-4-14 Do. 0 m. Do, 5 mm, Be specimens. Large 
yolk. 

58° 42’ N. 2° 45’ W.| 4-7-14 Do. 74m. | {Do. |11 mm. | Four rays in first dorsal. 

60° 37’ N. 0°30’ E.| 8-7-14 Do. 60 m. Do. {11 mm. Do. 

Do. Do. Do. | 120 m. Do. j1ll mum. | Three rays in first dorsal. 
59° 28’ N. 1° 30’ BE. | 10-7-14 Do. |.108 m. Do. |10°5mm. | Four rays in first dorsal. 
58° 55’ N. 0° 4° H..| 14—-7-14 Do. 120 m. Do. /|10:‘5mm. | Three rays in first dorsal. 
58° 26’ N. 0°8 W..| 15-7-14 Do. 60 m. Do. 9mm. |Two rays in first dorsal ; 

completion of  yolk- 
absorption. 
60° 37’ N. 0° 30' E. Do. Do. 120 m. Do. |10'5mm. | Three rays in first dorsal. 
58° 11’ N: 0° 32’ W. | 16-7-14 !Do. alba Do. |10°5mm.|Twospecimens. Three rays 
in first dorsal fin. 
57° 477 N. 3°15’ W. | 29-7-19 ‘Do. 52m. } Do. |10.mm. Do. 
15 miles off May) 13-8-86 | Tow-net | 25 fms, Pre 7mm. |Damaged specimen. Re- 
Island corded by M‘Intosh & 
Prince. 
Loch Fyne,  near| 28-7-89 Do. | 5 fms. 7mm. |In spirit. Two head fila- 
Otter | ments present. Recorded 
by Dr. Williamson (1909). 


Oceurrence of Post-Larval Forms. 29 


The other European records are from the Atlantic and the Mediterranean. 
Dr. Johs. Schmidt, in Fiskeriwnders¢gelser ved Island og Faerderne i Sommersen, 1903, 
states at p. 46 that single young specimens of Lophius piscatorius were taken at 
Stations 90 and 165 at the surface over great depths. His accompanying charts 
show that Station 90 (61° 30’ N.; 14° 40’ W.) lies outside the contour line of 1000 
fathoms deep, and was examined in the months of May to June, whilst Station 
165 (62° 35’ N.; 19° 45’ W.) lies between the 500 and 1000-fathom contour lines, 
and was examined in July to August. No descriptions are given of these post- 
larval forms. 

Again, Schmidt (1906), in discussing the biology of the fresh-water eels refers 
to the occurrence of post-larval forms of the Angler at places where the Leptocephali 
of the eel were got in the Atlantic over great “depths west of the British Islands. 

Stiasny’s (1911) material from the Adriatic consists of no fewer than eighty- 
five specimens of different sizes, ranging from 10 mm. to55 mm. These specimens 
were caught in the years 1908, 1909, “and they appeared in the Gulf of Trieste 
normally ‘from the end of November to the month of February. In 1908, however, 
larvee appeared in the Gulf in the month of September, and Stiasny describes this 
occurrence as transitory and striking. He also quotes Steuer as having obtained 
post-larval forms for the years 1902-1904. The young fish were recorded by Steuer 
for the whole of December, in the year 1902; in the years 1903 and 1904, in the 
second half of January. Stiasny, therefore, summarises the appearance of the 
post-larval Lophius in the Gulf of Trieste in the following table :— 


APPEARANCE OF Post-LARvAL LOPHIUS IN THE GULF OF TRIESTE. (Stiasny). 


Month. I: me lati | ani Ae I) Na) aad aden |) ied |! Se |) ocag |) oraar 


1908. .  . |meas FS Boe eo 
1909 . —.. |e la 


Graeffe (1888) states that the young forms of Lophius are found in the Adriatic 
swimming pelagically in the open sea in the months of February, March, April. 
The youngest specimen captured by him is a post-larval stage. The forms found 
by him in these months were still semi-transparent. The first ray of the first dorsal 
fin was not yet developed. He also knew the older forms, as he mentions that the 
leaf-like skin continuations are first indicated in specimens of 5 to 6 cm. Graeffe 
apparently did not know the eggs or newly-hatched larval forms. 

Giinther gives no locality or date for the older post-larval forms described by 
him from the Mediterranean. 

Lo Bianco, who was the only one to observe the sheets of spawn, records the 
capture of eggs, with embryos well developed, in the months of January and Feb- 
tuary. These records were, however, made in the Mediterranean. 

The combined observations of Lo Bianco, Graeffe, and Stiasny on the Mediter- 
ranean specimens thus give definite information regarding the spawning time and 
the appearance of the older post-larval forms for the Mediterranean and Adriatic. 

The time of appearance of the small transparent post-larval forms in the Adriatic 
in the open sea, in February, March, and April, as recorded by Graeffe, is in natural 
sequence to the occurrence of the spawn. The statements made by Stiasny re- 
garding the period of spawning of the Angler must be carefully considered, as the 
sheets of spawn do not occur in the Gulf of Trieste, and he dealt only with the post- 
larval forms. The eighty-five specimens he examined are summarised by him in 
the following table :— 


Summary or Mareria (Stiasny). 
Other stages 
Length . : . 10-15 mm. 16-20 mm. 21-25 mm. 26-30 mm. to 55 mm. 
Number . ; 7 5 18 20 35 
Percentage of total . 82 59 21:2 23°5 41-2 


Thus, of the total specimens, only twelve (7.e., 14 per cent.) were under 20 mm. 
The smallest specimen was already 10 mm. in length, and, as we have seen, was 
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further advanced in development than Scottish specimens of the same length. The 
older stages were mainly caught, and the largest was 55 mm. long. Any attempt, 
therefore, at estimating the spawning period of the species, exclusively from such 
material, must depend on a knowledge of the rate of growth of the larval and post- 
larval forms. Noattempt is made by Stiasny to estimate the rate of growth, but — 
it is legitimate to assume that the spawning period is some time anterior to the 
appearance of the post-larval forms. The statement made by Stiasny for the 
Gulf of Trieste, that the very frequently-occurring adult Lophius probably spawns 
in the early winter months, is therefore not intelligible, unless he means that the 
post-larval forms caught by him in the Gulf of Trieste between the months of Sep- 


tember and February had been spawned in the previous winter months. 

The only older post-larval form recorded from the American side of the Atlantic 
is the one of 30 mm. length described and figured by Agassiz in 1882. 
The following table is a summary of the records of post-larval forms from areas 
outside Scottish waters. 


TABLE V. 


Recorps or Post-Larvat Staces or Lopnsius Piscatorius 
OuTSIDE ScotTisH WATERS. 


Latitude Measurement 
Locality and Date. of post- Authority. 
Longitude. larval forms. 
G1 30tIN. 5 May-June | Single specimen | Dr. Johs. 
14° 40’ W. 1903 Schmidt (1904). 
| ICELAND SESE 
62° 35’ N.; July- Single specimen 
19° 45’ W. August 
1903 
ATLANTIC West of Great Dr. Johs. 
Britain over Schmidt (1906). 4 
deep water 
ATLANTIC Coast of - July, Single specimen, | A. Agassiz (1882). 
America August, about 30 mm. 
Sept. long 
Naples ? No date | Old post-larval | Ginther (1861). 
stages 
Adriatic. February, | Transparent Graeffe (1888). 
MEDITER- Gulf of Trieste ? | March, forms without 
RANEAN April much pigment 
Adriatic December | Older post- Steuer (1909). 
January larval forms 
ou of Trieste | Sept. to | 10-55 mm. long Seaany (1318). 
February 


THE OccuRRENCE oF Youne Bottom Forms. 


If the records of capture of the later post-larval stages of Lophius are few, 
especially when one considers the magnitude of the scientific investigations carried 
out in the last decade, the paucity of records of small bottom forms is still more 
striking, since the chances of capture of these by the ordinary commercial trawl 
would appear to be great, owing to the changes of form and habitat. 


Occurrence of Small Bottom Forms. 31 

The present investigations add only seven new records of young bottom forms 
less than 120 mm. long to the existing extremely short list. Two small specimens, 
64 and 67 mm. long respectively, were captured on 11th July 1906, in a small trawl 
of fine mesh at 58°44" N.; 7° W.,in a depth of 108 metres. Other two specimens, 
72 mm. and 83 mm. long, were captured i in the same apparatus on 12th July 1906, 
at 59° N.; 7° 4’ W.ina depth of 182 metres. Again, a specimen of 69 mm. in length 
was taken in the small trawl on 4th September 1906, at 60° 45’ N.; 2° 30’ E.,in 129 
metres depth, and another of 116 mm., in Broad Bay (Minch) in 11 metres depth 
on 20th September 1906. The only specimen under 120 mm. in length, captured 
in the ordinary commercial trawl, was one of 94 mm. taken off Berriedale (Moray 
Firth) in 22-24 fathoms on 14th October 1911. 

Reference has already been made to the small Angler of 127 mm. in length 
obtained by Fulton (1902) in November, in a trawl haul made in the Dornoch 
Firth in a depth of 8-11 fathoms. He also gives an account of the capture of a 
very large number of small Anglers in a single trawl haul off Lybster, on the Caith- 
ness coast, in a depth of 23 -34 fathoms in the month of November. No less than 
twenty-seven of the thirty-six Anglers taken in this haul were under 200 mm. 
(7Z inches). The smallest individual was 128 mm. long, and the largest 198 mm. 
Fulton, in reference to the distribution of the Angler, also states that the proportion 
of young Anglers on the deep-water grounds of the North Sea appears to be higher 
than on the inshore trawling grounds. 

M‘Intosh and Masterman (1897) record an example 5} inches long (140 mm.), 
which was cast ashore in St. Andrews Bay in March. 

There are the two specimens 94 mm. and 78 mm. long, recorded by Diiben 
and Koren, from the west coast of Norway. 

Saemundsson (1909) reports that a small bottom form of the young Angler, 
now in the museum at Reykjavik, was found cast ashore at the Westmann Isles 
(Iceland). No date is given. 

Finally, Lo Bianco (1908-9) gives the most complete information as to the 
occurrence of young bottom forms in the Mediterranean. He says that in the 
months March to May there were fished with the seine-net on shallow ground 
young ones of lengths 6 to 15 cms. 

The tabulated list of small bottom forms under 200 mm. in length is as follows :— 


TABLE VI. 
ReEcorps of SmMAtu Bottom Forms. 
: Means of ned, : 
Locality. Date. Capture. Depth. | Specimens. Authority. 
58° 44’ N. 7° W. .| 11-7-06 | Small trawl} 108 m. 64 mm. “* Goldseeker.”’ 
67 mm. 
Boma N72 4 Wi. 12-7-06 Do. 182 m. 72mm. Do. 
83 mm, 
60° 45’ N. 2° 30’ E. 4-9-06 Do. 129 m. 69 mm. Do. 
Broad Bay (Minch) | 20-9-06 Do. 1i m. 116 mim. Do. 
Off Berriedale 14-10-11 | Ordinary 23-24 fms.| 94 mm. Do. 
(Moray Firth) trawl 
Off Lybster November Do. Do. 27 specimens Dr. T. W. Fulton (1902). 
(Caithness coast) under 200 mm. 
Dornoch Firth Do. Do. 8-11 fms. | 127 mm. Do. 
St. Andrews Bay March Cast ashore ik 54 inches (140 | M‘Intosh and Master- 
mm. ?) man, ‘‘ British Food 
; Fishes,” (1897). 
West Coast of Nor- | No date 94 mm. Diiben and Koren (1844. ) 
way 78 mm, 
Westmann Isles Do. Cast ashore 91 mm. Can. Mag. B. Saemunds- 
(Iceland) son (1909). 
Naples March to} Seine net Shallow | 60-150 mm. Lo Bianco (1908-1909). 
May ground 
Bank of Newfound- | 1856 About 4 inches | Goode and Bean (1895), 
land long “The Most Northern 
; Recorded Occurrence 
in Western Atlantic.” 
a4 = 2 About 2 inches | Described by Valenci- 
long ennes. 
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Tur AGE OF THE SMALL Bottom Forms. 


A study of the developmental changes in small bottom forms has shown that, 
when they first take to a bottom habitat, the change from the pelagic form is not 
yet complete. The transition is gradual, and the typical or perfect ground-form 
is not attained until the fish has grown to a length of almost 180 mm. 


Fulton (1902) is the only investigator who has endeavoured to estimate the — 


age of the bottom forms. The task was a very difficult one, owing to the absence 
of complete information regarding the earliest bottom stages. 

It is perhaps best to deal, first of all, with the series from the Mediterranean, 
where the sequence of appearance of the different stages seems quite intelligible 
The Angler spawns in the Mediterranean in the winter months—eggs with ad- 
vanced embryos were obtained by Lo Bianco in January and February. The young 
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pelagic forms were caught by Graeffe in the open sea of the Adriatic in the months — 
February, March, April. Post-larval stages (15-55 mm. in length) appear in the — 
Gulf of Trieste from September to February. Lo Bianco caught small bottom — 


forms 6-15 cms. long on shallow ground in the Mediterranean in the months March 
to May. The small bottom forms caught in the months March to May, therefore, 
belong to the brood of the previous year. 

The smallest bottom forms, caught in Scottish waters, are therefore comparable 
with the smaller Mediterranean bottom forms just mentioned. They are 64, 67, 
69, 72, 83, 94, and 116 mm. long respectively, and were caught in the months 
July, September, and October. It has been shown that they have not yet completed 
their metamorphosis, although they have assumed a bottom habitat. These small 
bottom forms, therefore, belong obviously to an earlier brood than the post-larval 
forms which appear in the same areas at the same time, and, as the general spawning 
period occurs in the locality in the months May, June, July, the small bottom 
forms must be at least a year old. The results are, in fact, in close agreement 
with those from the Mediterranean. 

Comparison may now be made with the series obtained by Fulton. His material 
was very much restricted at its lower limits, as the smallest specimen obtained by 
him was already 127 mm. long. The smallest series was, however, obtained off 
Lybster, on the Caithness coast, in the month of November. The individuals 
ranged from 127 mm. in length to 214 mm., and the mean size of the thirty-six 
specimens was 161°5 mm. Owing to the absence of information concerning the 
later post-larval and very young bottom forms, Fulton underestimated the age 
of this series; they are undoubtedly at least one year and six months old. The 
members of the other series are, therefore, correspondingly at least one year older 
than is stated. It would probably be correct to say that the Angler is very rarely 
caught in the North Sea by the commercial trawl before it has reached an age of 
at least two years. 


DISTRIBUTION OF THE ADULT. 


The known distribution of the young stages of Lophius piscatorius has now been 
very exhaustively treated, but so far no reference has been made to the distribution 
of adult forms. The adult has, however, a very wide distribution; it is found 


on both sides of the Atlantic. On the European side, it occurs as far north as — 


Iceland and the Faroes, and beyond 69° N. on the Norwegian coast, whilst, according 
to Goode and Bean (1895), it extends as far south as the Cape of Good Hope. It 


is met with frequently in the Baltic. All round the Scottish coast, it is caught in ~ 


considerable numbers. Fulton (1902) records the Angler as common both in the 


inshore waters and in the greatest depths at which trawlers work, and states that — 


it seems to be most abundant in waters of moderate depth. 

It also occurs in the Mediterranean. Lo Bianco (1908-1909), in describing 
the fauna of the Gulf of Naples, says that the adult is not rare, and attains some- 
times the weight of 20 kilos. ; it is caught in numbers, principally during winter 
and spring. According to Goode and Bean (1895), however, there is another species 
of Lophius confined to the Mediterranean. This is Lophius budegassa Spinola, 
and it is distinguished from the other Lophiide by its shorter second dorsal and. its 
simple lanceolate humeral spine. 
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Distribution of the Adult. 33 


Along the American side of the Atlantic, Lophius piscatorius is most common 
in the comparatively shallow water of the New England coast, and in the deeper 
water in the vicinity of Nova Scotia and Newfoundland. It also occurs as far 
south as the Caribbean Sea. Gill (1905) seems to think that south of Cape Cod 
the Angler retreats to deep water in summer, but that, although quite common 
along many coasts in shallow water, it appears to be at home in deep water. He 
states that its range of distribution in the Atlantic les between’32° and 60° F., 
perhaps even higher. 

Tate Regan (1914) records the capture of Lophius piscatorius off Cape Frie 
(Brazil) at 22° 56’ S.; 41° 34’ W., in a depth of 40 fathoms. 

The most general survey of its distribution on the European side of the Atlantic, 
from a commercial point of view, is given by Murray and Hjort (1912), who have 
compiled tables from the statistics published by Dr. Kyle, of the International 
Bureau for the Study ofthe Sea, up to the year 1906. These tables show the 
relative and absolute importance of different marketable : species within the different 
European fishing areas. The data relative to Lophius piscatorius have been ex- 
tracted from these tables. 


LoPHIUS PISCATORIUS. 


Relative and Absolute Importance from each area (Murray & Hort). 
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These figures do not give an exact representation of the numbers taken on the 
various fishing grounds, but represent rather the quantities landed at the markets. 
The proportion of Anglers taken to market, at least up to the date of compilation 
of the tables, varies for the different areas, and is largely influenced by local con- 
ditions. 

There can be little doubt from the general distribution that the headquarters 
of the species is in the Atlantic, and that it extends its range into the Mediterranean 
and North Sea. 

There is considerable conflict of opinion as to whether the Angler is to be con- 
sidered a very shallow water form, or whether it is an inhabitant of the deeper 
water. 

Holt and Calderwood (1891) caught a specimen at 115 fathoms, and Bryne 
(1889) records one from a depth of 200 fathoms off the Irish coast. The Talisman 
obtained examples at 400 to 700 metres, about the Azores and Cape Verde. Brown- 
Goode, from the American side of the’ Atlantic, gives depths of 84, 142, and 365 
fathoms in which the species was caught. 

The previous table shows clearly that the North Sea area is of greatest importance 
in so far as the quantities brought to market are concerned, and the following 
table shows the relative contributions from the different zones of depth. 

Percentage of Anglers taken at different depths in the North Sea (after Murray 
and Hyjort) :— 


Metres . 0-20 20-40 40-60 60-80 80-100 100-200 Over 200 
O'5 17°3 20°7 28°6 15:2 17°5 03 


In the North Sea over 80 per cent. of the total weight brought to market is 
caught in depths between 20 and 100 fathoms, and less than one per cent. is caught 
in depths of less than 10 fathoms. 
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It appears, therefore, that Lophius piscatorius has not only a very wide terri- 
torial range, but its bathymetric range is also very great. 

The sub-order Pediculati, to which Lophius belongs, form a group, the members 
of which are quite easily distinguished from all other forms. Although this group 
is a very characteristic one, it includes members which are peculiarly adapted for 
life in very divergent habitats. Some of the members of the order belong exclusively 
to the deep sea; others, such as Antennarius, are at home at the surface amongst 
the sea-weed of the open sea. 

The members of the family Lophiide are, however, all true bottom forms, which 
range from moderate to great depths. 

Smith (1892) considers that the fishes of the genus Lophius should really be 
regarded as shore-fishes, for, at least during youth, they live in shallow water, 
but, when older, they withdraw to greater depth. Gull (1905) says that, although 
the Angler is quite common in shallow water, it appears to be at home in deep ' 
water, and Giinther, on the strength of its capture in deep waters, has admitted 
it to his list of deep-water forms. 

The specialised form and the characteristic adaptations of Lophius piscatorius, 
which have given to the species the name of fishing frog, have been regarded’ by 
most observers as mainly modifications suited for life in the shallow water, the 
tag-like processes of the skin, and the fishing apparatus having generally been 
regarded as modifications especially adapted for life in the sea-weed zone. Indeed, 
this view is the predominant one, and is perhaps largely owing to the graphic 
description which Saville Kent gave in 1874 of a large Angler which was living in 
one of the tanks of the Brighton Aquarium. 

Fritsch (1884), however, in his work on the angling apparatus of Lophius, has 
shown that the Angler is peculiar in possessing a superficial layer of closely-packed 
ganglion cells on the posterior portion of the medulla, which are in intimate relation 
with the angling apparatus and the sensory skin system. The observations made 
by Mr. Lane, which Cunningham (1896) gives, are therefore of peculiar interest. 
“* But another, and perhaps more important use of the tentacle is indicated by some 
experiments made during the Irish Survey by Mr. Lane, and mentioned in Mr. 
Holt’s Report (Scientific Proc. Royal Dublin Society, vol. III., part IV., p. 459). 
Mr. Lane found that, when he touched the tip of the erected tentacle with a stick, 
the fish at once snapped with its jaws, so as to catch exactly that part of the stick 
which had touched his tentacle. This was repeated until the fish was exhausted. 
It is evident that this automatic and precise mechanism of sensitive nerve and jaw 
muscles must be most effective in the capture of the Angler’s prey. It is a spring- 
trap of the most certain action, always set, and never betraying its nature. Any 
fishes swimming near the ground, are lable to touch the tentacle of the Angler, 
which cannot be distinguished from the most innocent and insignificant frond of 
weed or stem of zoophyte, and to touch it is certain and immediate death.” 

Such a mechanism, which does not depend on sight, should be as effective for 
the capture of prey in the deeper waters as on the shallow grounds. 

The Angler has, however, many characters highly suggestive of a deep-water 
habitat ; the bluish-black colouring of the upper surface, the loose skin with its 
numerous serous spaces, and the weak development of lime in the skeleton are 
especially noteworthy. So, too, in the young bottom forms, the abundance of 
mucoid tissue and serous spaces, are characteristics which must not be overlooked. 

In short, then, Lophius piscatorius as a species is very closely related to forms 
which are true inhabitants of the deep waters, but the Angler itself is an inhabitant 
of more moderate depths, and has extended its range into the shallow waters. 


THe Pauctry or REcoRDS OF THE YOUNG STAGES. 


Lophius piscatorius is, therefore, a species which is very frequently met with 
in the adult form in waters of moderate depths, both on the European and American 
sides of the Atlantic. Yet, as previously referred to, the spawn and young stages 
have only been recorded from isolated localities over this very wide area. No ~ 
satisfactory explanation has been given for the paucity of records of young forms 
of such a frequently occurring adult. One must remember, however, that the 
spawning area of a species is, as a rule, much more restricted than the actual dis- 
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tribution of the species. The frequency of the records of young stages will, there- 
fore, in a large measure, depend on the frequency with which the areas, where 
the young forms occur, have been explored with apparatus suitable for their cap- 
ture. The chances of capture of these forms also depend on the time of year in 
which the different areas have been investigated. 

The whole area throughout which the adult Angler is captured has not been 
equally exhaustively investigated. The North Sea area, which supplies 70 per 
cent. of the total weight of marketable Anglers to Kuropean markets, has been very 
thoroughly explored, especially since the inception of the International Investi- 
gation. Yet, the records of capture of the young forms belong almost exclusively 
to the Scottish section, and to the northern portion of it. The southern area of 
the North Sea has been explored again and again by research vessels belonging 
to the bordering countries with negative results. The results are also negative 
for the southern section of the area which has been most exhaustively investigated 
by the Scottish research steamer. It is difficult to indicate on a single chart, or 
even on a series of charts, the many observations which have been made at all times 
of the year from 1904 to 1914, with different apparatus operating not only at the 
bottom, but in mid-water layers and at the surface. There is a line of stations, 
however, which runs east from the Firth of Forth, which has an important bearing 
on this question. This lne of stations, for the eleven years under review, has 
been visited every year, and in practically every month of each year, with negative 
results in so far as Lophius piscatorius is concerned. But similar observations 
made in the northern Scottish area have yielded positive results, thus showing that 
these young stages can be captured with the apparatus employed. The records 
of occurrence of the spawn, isolated eggs, post-larve, and young bottom forms 
are represented in Chart I. Chart II. shows the stations investigated by the 
Scottish Investigation steamer Goldseeker during the period 1904 to 1914, and the 
quarters of the year in which each station was visited. The number of times each 
station was visited is not represented. Although the number of captured specimens 
is small, the occurrence of newly-spawned isolated eggs of Lophius within this 
northern area is proof that the Angler does spawn within the area. This statement 
is confirmed by the capture on 4th May 1916 at 57° 37’ N.; 0° 53’ E. of a sheet of 
spawn which had been very recently spawned. 

The evidence at present available, therefore, leads one to conclude that the 
Angler is a species which spawns in the North Sea only in northern or deeper areas, 
north of 57° North Latitude. 

If this northern area, which has been so diligently searched, is the general 
spawning area of the Angler, the paucity of records of such a conspicuous object 
as the spawn is altogether inexplicable. 

The information regarding these sheets of spawn has mainly been got from 
samples which have drifted into shallow water, or have been stranded on the 
beaches. The observations already made on the sheets of spawn have shown 
that they are floating objects. They may not always float at the surface, even 
when newly-spawned, and may thus escape observation. It may also be urged 
that the sheets of spawn, on account of their size and nature, are peculiarly elusive, 
and that apparatus, such as tow-nets and young fish trawls, are not adapted to 
their capture. 

Such an argument cannot be used to explain the infrequency of records of larval 
and. post-larval forms in the northern North Sea, if it is a general spawning area 
for Lophius. Larval and post-larval forms of such common species as haddock, 
cod, and whiting, which are as active in their movements as young Anglers, have 
been caught by the same apparatus, in great numbers. The Scottish area has 
been extremely well searched at that period when the young post-larval Anglers 
are most likely to be present. 

The absence of information concerning the distribution of the very small bottom 
forms is also especially noteworthy. In the present Report, only seven new records 
can be given for the Scottish area of specimens under 120 mm. in length. All 
these, however, are smaller than the smallest previously recorded, but only two 
of them were from the North Sea. One, 94 mm. in length, was got off Berriedale, 
in the Moray Firth, in the ordinary commercial trawl. The other was got at 
60° 45’ N.; 2° 30’ E., in a small trawl of very fine mesh, the head line of which 
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measured only thirty feet. This apparatus has been very frequently used in the 

‘North Sea, much more so than in areas beyond the North Sea, yet the other five 
records of small forms were made by means of this apparatus in the areas outside 
the North Sea. It may also be noted here that, whilst these bottom forms were 
caught at 58°44’ N.; 7° W., and 59° 4’N.; 7° 4’ W., post-larval stages, 15 to 17mm. 
long, were obtained at 59° 54’ N.; 7° 6’ W., and 59° 36’ N.; 7° W. In addition, 
our knowledge of the distribution of bottom forms of under 200 mm. in length is 
extremely scanty, although the Angler, on account of its peculiar shape, is specially 
liable to capture in the ordinary trawl long before it reaches this size. Fulton, 
who gives most information concerning these sizes, says that they are obviously 
uncommon on bottoms suitable for trawling, otherwise they would be taken in 
much greater numbers. This statement is undoubtedly true for the North Sea, but 
his suggestion, viz., that in the case of the Angler, a prolonged pelagic hab.t is out 
of the question much after the post-larval stage, was made before the elaborate 
developmental changes, through which the post-larval stages pass, were known. 
He therefore adds that the reason for the comparative scarcity of records of young 
Anglers may be that they frequent rocky algee-covered ground, where they can 
have shelter and suitable food. According to this view, the young Angler, up to 
a size of about 200 mm., might be considered as a shore-fish. But small forms of 
Lophius piscatorius are conspicuous by their absence from all lists of shore-fishes. 
Fulton (1902), however, in the same Report, states that the proportion of small 
Anglers (thatis, of over 200 mm, in length) on the deep-water grounds appears to 
be higher than on the inshore trawling grounds, and that the higher proportion 
in the deep water may indicate the comparative absence of shelter, and it shows in 
all probability that spawning and the developmental changes may take place far 
from land. But shelter in these deeper water grounds from the operations of the 
commercial trawl! is no more possible for the somewhat smaller bottom forms than 
for the larger ones. 

All the facts concerning the occurrence of the floating sheets of spawn and the 
larval and post-larval stages may now be taken together. The absence, or com- 
parative scarcity, of these forms from the records for the northern North Sea may 
be very simply described by the hypothesis that they do not occur there, or are 
there in very small numbers. In other words, although Anglers may spawn in 
small numbers in the northern North Sea, this area is not the main spawning area, 
and the Angler does not appear there in numbers, until it has reached some consider- 
able size. 

The records of the sheets of floating spawn are of especial interest in this re- 
lation. If the records of the capture of these sheets of spawn are examined with 
care, it will be found that in all cases, except the one already described, the embryos 
in the eggs were already very far advanced in development. These sheets of spawn 
float passively during the whole period of development of the embryos in the eggs, 
and perhaps for some time longer, and are drifted with the prevailing currents 
from the areas in which they were originally spawned. They are objects analogous 
to the floating drift-bottles which Fulton experimented with to test the direction 
and rate of flow of the surface waters in the North Sea. He has shown very con- 
clusively that there is, at all seasons of the year, a fairly constant slow circulation 
of the surface water in the North Sea, Atlantic water entering round the North of 
Scotland and between the Orkneys and Shetlands, and passing southwards along 
the east coasts of Scotland and England, as far as the neighbourhood of the Wash, 
then in an E.N.E. direction towards the coast of Denmark, and then northerly 
along the Danish coast. 

The sheets of spawn found along the east coast were spawned, if not without 
the North Sea, at least in an area in the North Sea further north than the locality 
in which they were found. Ehrenbaum’s record of a sheet of spawn in the Skagerrak 
ia July does not conflict with this statement, for, if one may judge from his de- 


scription of the spawn of the Angler, it is evident he had never seen it when recently 


spawned. 

It must be-borne in mind that, if the spawning area of a species is to be deduced 
from the occurrence of the eggs, larve and post-larve of a species, the proximity, 
of the true spawning area will depend on the time it takes for the species to pass 
through these stages of development, and the strength of the prevailing currents, 
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If the records of the isolated eggs and larvee of Lophius are considered, the spawning 
area must be looked for to the north and west, in a direction contrary to that of the 
prevailing current. 

There is abundant proof from recent investigations that, on the European side 
of the Atlantic, there occurs annually a northerly extension of true Atlantic passive 
organisms. The magnitude of this phenomenon varies greatly from year to year, 
but in some years it may be so great that the drift carries great numbers of these — 
passive forms over the Faeroe-Shetland Channel into the Norwegian Sea and to the 
coast of Norway, and, in addition, large numbers may be brought into the North 
Sea through the Scotland-Shetland entrance. For example, Lepas fascicularis, 
the floating barnacle, which is not a true North Sea form, may often be picked up 
from the surface in the northern North Sea in the summer months. The following 
few records show that these forms may penetrate well into the North Sea, and that 
the phenomenon is a recurring one :—60° 7’ N.; 0°32’ E., 10/8/11; 57° N.; O°E., 
1/8/12; 58°13’ N.; 0° 49’ E., 25/8/04 ; 57°50’ N.; 0° 30’ H., 25/8/04 ; 58° 34’ N. ; 
O° 47 H., 20/7/05; 57° N.; 0° 5’ W., 15/8/12. 

The year 1905 seems to have been particularly favourable for the immigration 
of passive Atlantic forms into the North Sea. In that year, there was an im- 
migration of considerable magnitude of the true Atlantic form, Salpa fusiformis, 
which is extremely well represented in the Goldseeker collections for that year. 
The limits of distribution of the Salps in the different summer months are graphi- 
cally described by Schmidt, who had exceptional opportunities for studying the 
phenomenon that year. At the end of the month of May, the northern boundary 
of the Salps in the Atlantic had not extended beyond the latitude of the Hebrides, 
but by the month of August this boundary had been gradually pushed northwards 
and eastwards until it included a part of the North Sea and the Orkney and Shetland 
Islands. 

Perhaps of more interest and importance in the present instance is the ap- 
pearance in this northern section of the North Sea of fish larvee which are admitted 
to belong to the Atlantic, or to areas to the west and south. Fverasfer, a form which 
does not belong to the North Sea but to the warmer water-masses of the Atlantic 
and Mediterranean, and which has often been compared with Lophius piscatorius, 
on account of its mode of spawning and the similarity of the post-larval stages in 
the development of filamentous rays on the head, has been captured a large number 
of times in the North Sea in the autumn and winter months, at stages both with 
and without the filamentous ray on the head. 

Mention may be made here of the occurrence in the North Sea of pelagic stages 
of Arnoglossus imperialis. This is a species, the adult stages of which have never 
been recorded from the North Sea. although it is hardly likely that its occurrence 
would have been overlooked in an area so intensively fished. According to Kyle 
(1913), the adults are common in 60-70 metres at the western mouth of the English 
Channel, and are not rare south and south-west of Ireland. The post-larval stages 
were found in these areas and southwards, as well as in the Mediterranean. There 
is one record from the north of Scotland. It was taken in September 1905. Dr. 
Kyle, in reviewing the captures of these pelagic stages, says, ‘“ The small specimens 
occur in practically every month in which investigations were made, whilst the 
large are most abundant in September; one large specimen occurs in January. 
According to Holt, the spawning period should be in Spring, and with this agrees 
the large number of the large specimens (eleven altogether, including the earlier) 
taken in September. But the occurrence of small specimens in February, as well 
as of a large specimen in January, would indicate that here, just as in the case of 
A. Thori and A. Laterna, we have to deal with an indefinitely prolonged spawning 
period, with the main spawning in Spring. The presence of both small and large 
| specimens over very deep water points to both a prolonged post-larval life and also 
to a deep-water habitat.” The two captures of Arnoglossus imperialis in the North 
Sea are in complete accord with these statements. One specimen, 16°5 mm. in 
length in the preserved condition, was taken in the Petersen Young Fish Trawl at 
58° 34’ N.; 0° 47’ E., at a depth of 66 metres below the surface, on 26th November 
1904 ; the other specimen 18 mm. long, was captured by the same apparatus at 
58° N.; 2° 54’ W., at a depth of 27 metres, on 21st November 1904. Both these 
Specimens, even of such a large size, were symmetrical ; the position of the eyes 
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showed that metamorphosis had not yet begun. There is no reasonable doubt 
but that these forms had been carried by the currents from the Atlantic into the 
North Sea, as the prolonged nature of the post-larval life keeps them under the 
influence of the prevailing currents for an extended period. 

If we next turn to the records of the post-larval stages of Lophius piscatorius 
from the North Sea, we find that, whilst the total number of specimens recorded 
is undoubtedly small, the vears 1905 and 1914 are particularly well represented. 
There is no reason to believe that these records are due merely to chance, as similar 
investigations were carried out within the area in the intervening years with equal 
vigour. The year 1905 is of particular interest; it was the year in which the 
immigration of Salpa fusiformis of Atlantic origin into the North Sea was especially 
well marked ; it was the year in which the post-larval form of the southern species 
Arnoglossus imperialis was captured by the Danish research steamer Thor, between 
the north of Scotland and Orkney. 

These facts are sufficient justification for suggesting that the main spawning 
area lies beyond the limits of the North Sea, and that the Atlantic itself may be the 
main spawning area. It is already well known that the Atlantic is a spawning area, 
for Agassiz in 1882 was the first to describe the sheets of spawn and the young 
post-larval stages. The Scottish records made in areas beyond the North Sea 
also support this view. It must not be forgotten, however, in considering the 
Scottish captures, that areas outside the limits of the North Sea have been in- 
vestigated much less frequently than the areas within the North Sea. Yet, the 
largest post-larval forms and the smallest bottom forms have been obtained from 
these Atlantic areas. These large post-larval forms were captured over consider- 
able depths, at 60° 34’ N.; 3° 53’ W ; 59° 54’ N.; 7° 6’ W.; and 59° 36’ N.; 7° W.; 
and the smallest bottom forms yet recorded from Scottish waters were caught 
at 58° 44’ N.; 7° W.; and 59 °4’ N.; 7° 4° W. There are also the two specimens 
of post-larval stages which were taken by Schmidt to the south of Iceland over 
waters of great depth. The fact that these pelagic stages were obtained over areas 
of very great depths, and that they—already considerably advanced in development 
—had therefore been carried by the currents for some considerable time, suggests 
that they had their origin in areas of some considerable depth. 

The capture, by Schmidt, of post-larval forms of Lophius piscatorvus in the 
Atlantic over great depths, west of the British Islands, may now be mentioned. 
His statements are of very considerable importance in the present instance, and 
are, therefore, quoted at length. “Of fish young that occurred with the eel larve, 
there should first of all be mentioned the Leptocephalus of the conger (Lepto- 
cephalus morrisii) and four other Leptocephali, the young of Fierasfer, Lophius, 
Molva birkelange, Gadus poutassou, Gadiculus argenteus, Zeugopterus megastoma and 
spp., a characteristic, plump, pelagic gadoid (Gargilius sp., Ad. Jensen nov. gen. 
et spec.) Macrurus species, many different Scopelini, etc., as well as adult specimens, 
some with eggs, of the needle fish Nerophis pelagica and its young. All these forms 
are true warm-water species of the Atlantic, most of which were not found during our 
investigations further north in the Atlantic. They clearly belong mainly to the more 
southerly, warm water-masses than those we had previously investigated with the 
Thor, even though single specimens of some of them were found by us further north 
(west of the Faeroes and south of Iceland).’—Dr. Johs. Schmidt, “ Contributions 
to the life-history of the Hel (Anguilla vulgaris, Flem.)” (Rapports et Proces 
vol. v., Oct. 1906, page 177). 

Similarly, the tables quoted from Hjort regarding the distribution of Anglers 
brought to market may again be referred to. Over 18 per cent. of all the Anglers 
landed in European markets are caught in the region to the south-west of the 
British Islands, and indeed in relative proportion to other commercial fishes the 
Angler is most numerous in that area and in the Bay of Biscay, comprising about 
one per cent. of the total catch of fish. 

The capture of the post-larval forms of Lophius piscatorius by Schmidt over 
deep water in the Atlantic points to the view that spawning takes place in water 
of considerable depths, or at least that spawning may occur on the continental 
slope. On the other hand, there is the negative evidence that the Angler does not 
spawn in the shallow water of the Atlantic. The sheet of spawn which was — 
obtained by Cunningham from the western portion of the English Channel had — 
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already the embryos in the eggs very far advanced in development, an -indication 
that it had probably been carried a considerable distance from its place of origin. 
Similarly, the eggs in the sheet of spawn procured by Williamson outside Loch 
Bracadale, Skye, contained well-developed embryos. 
On the American side of the Atlantic, the shallow water area is of limited extent, 
and the deeper waters of the continental shelf are in close proximity to the coast, 
and it is not strange, therefore, that American workers should have been the first 
to describe the floating sheets of spawn of the Angler. It is so common on the 
western side that the fishermen have given it the popular name of the “ purple 
veil.” In the descriptions of the floating spawn given by Agassiz and Whitman, 
there is no evidence, however, that they ever found eggs which had been recently 
spawned. Indeed, as has already been pointed out, it is probable that the eggs 
captured by them were all far advanced in development, if the larve had not 
already hatched out. The sheet of spawn found by Hjort and Murray on the western 
side of the Atlantic was taken over water of considerable depths. It is stated by 
these authors, however, that, since the Angler-fish only inhabit the coast banks, 
the finding of slightly developed eggs that could not have been drifting many days 
indicated that they were in the neighbourhood of the American coast bank. But 
our knowledge of the distribution of the Angler on the American coast, and the fact 
that these eggs were only slightly developed, may be held to prove that they were 
shed in waters of considerable depths. The Angler on the western side of the 
Atlantic belongs to the warmer waters. According to Goode and Bean, a speci- 
men about four inches long caught on the Banks of Newfoundland is the most 
northern recorded occurrence in the western Atlantic. 
The evidence from the Mediterranean is also all in favour of a deeper water 
spawning habitat. There are no records of the occurrence of sheets of floating 
spawn, or even of very early stages of Lophius in the inner region of the Adriatic. 
The only records of spawn in the Mediterranean are got from Naples, which is near 
to deeper areas. Even the spawn got at Naples contained embryos well advanced 
in development. Again, in the Gulf of Trieste, which is very remote from the deep 
water, only the older post-larval stages of the Angler were found, whilst in the 
open sea of the Adriatic, less distant from the deep water, the earlier post-larval 
stages were also captured. 
So far, the northern North Sea is the only area in which recently spawned eggs 
of Lophius piscatorius have been captured. The known distribution of the adults, 
the occurrence of sheets of spawn with embryos well advanced in development, 
and of larval, post-larval, and bottom forms, together with the knowledge of the 
adaptations of the young forms to a prolonged pelagic life, are facts which show 
that the Northern North Sea is only a very subsidiary area for the spawning of the 
species. The limits of the spawning area of Lophius piscatorius, however, cannot 
be defined exactly from the present evidence, but a hypothesis may be advanced 
which describes the isolated facts—a hypothesis which must be tested by future 
experiment. 
Lophius piscatorius is a species which has its headquarters in the Atlantic. 
On the European side, the species extends its range into the Mediterranean, North 
Sea, Skagerrak, Cattegat, and Baltic. The Angler is very closely allied to Atlantic 
species which belong exclusively to the deep-water, but Lophius itself is most 
abundant in waters of moderate depths. Its extreme bathymetric range is, however, 
somewhat extensive; it has been taken in depths of over 300 fathoms, and it is 

also found in large numbers in the shallow coastal waters. Its extreme limits of 

distribution are, therefore, much wider than its spawning distribution, for it is 

found very frequently in areas where it never spawns. Modifications in the adult 
form are usually said to be adaptations for a life in the sea-weed or shallow water 
areas, but such structures may be equally effective for life in deeper waters. The 
_ Angler does not spawn in the shallow coastal zone, but in moderate to deep water. 
It is a species which spawns in the warmer waters, and suitable conditions are 
found in the warm salt water of the Atlantic and Mediterranean, probably in the 
neighbourhood of the continental slope, on the edge of the deep water. It spawns 
on*both sides of the Atlantic. On the European side, to the west of the British 
“Isles, these conditions are found only at a considerable distance from the coast, 


whilst on the American side of the Atlantic, suitable spawning areas are much nearer 
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the coast. On the European side of the Atlantic, the known spawning range 
extends from the Mediterranean to the northern North Sea. The extension of the 
limits of spawning towards the north depends on the physical conditions in the 
Atlantic at the time of spawning. The frequency of spawning in the northern 
portion of the North Sea, which is under influences from the Atlantic, is dependent 
on these conditions. Spawning begins earliest in the Mediterranean, probably-in 
the winter months, but at least as early as January ; the spawning is later further 
north in the Atlantic ; in the northern North Sea, spawning may begin as early as 
March, and it extends to the end of July. 

The method of deposition of the eggs in long extended bands of mucus, and the 
characteristic development of post-larval adaptations secure for the species a very 
prolonged pelagic life, and during this early period the young forms may be carried 
very considerable distances from the original spawning grounds by the prevailing 
currents. Hven when the larvee are hatched from the eggs, they may be detained 
for some time in the gelatinous matrix which tends to keep the larve in the upper 
water layers until post-larval structures are developed. The appearance of the 
larvee and post-larve is very unlike that of the typical bottom form. In the pelagic | 
stages, the body and head are laterally compressed, and the eyes are situated on — 
each side of the head. The young forms swim upright in the water. From the 
earliest stages, the embrvonic fin is especially broad, and it is very persistent, 
traces remaining even in the older post-larval stages. As the post-larve grow, 
the embryonic fin is replaced by the development of the unpaired fins, and the 
enormous development of the membrane between the rays of these fins adds greatly 
to the depth of the fish, thus giving stability to the pelagic form. The paired fins 
are extremely well adapted for pelagic life. The pectoral fins, as perfect balancing 
organs, are large and fan-shaped, attached high up on the body just behind the 
gill-openings, whose surface is in a plane parallel to the plane of symmetry. The 
pelvic fins—enormously developed—extend far beyond the body, and the fila-— 
mentous tips of the rays grow to an extraordinary length. When expanded, 
these fins have an enormous surface in comparison to the size of the small fish, 
and attached far forward on the ventral surface of the fish their rapid up-and-down 
motion keeps the young fish in the upper water layers. The pelagic life may last 
many months, and the young form appears to be more than nine months old before 
it takes to a bottom habitat. During the pelagic period, the young forms may be ~ 
drifted far from the spawning area. In the North Sea, sheets of spawn may be 
drifted south from the deeper northern area and may be ultimately stranded on 
the east coast of Britain. In the Atlantic, the prevailing current carries the young 
pelagic forms northwards and eastwards ; some may be carried towards Iceland, 
for isolated specimens have been taken over waters of great depths to the south of 
Iceland ; others may be carried up over the Faeroe-Shetland Channel, whilst a - 
number may enter the North Sea by the channels between Scotiand and Shetland. 
The magnitude of the northerly immigration at this stage will depend largely on— 
the prevailing conditions in the Atlantic. In the Mediterranean, spawning does — 
not occur in the coastal water, but the sheets of spawn may be drifted into shallow ~ 
areas, such as the Gulf of Naples, from the near deep water areas. Spawning — 
does not occur in the shallow inner region of the Adriatic, and the post-larval forms 
are late in arriving there, as the area is far removed from the deep water of the 
Mediterranean. On the American side of the Atlantic, the deep water is adjacent _ 
to the coast, and therefore the sheets of spawn and the larval forms have been fre- ~ 


quently met with in the coastal area at such places as Newport and in Massachusetts 
Bay. 

The prolonged pelagic life therefore secures a wide distribution for the growing 
forms. The extension of the distribution area does not stop at the completion of 
the pelagic life. The change from the typical pelagic form to the bottom form is 
progressive but slow, and the young fish may take to a bottom habitat long before 
these changes are complete. In the North Sea area, although the larger forms are 
common, the very small bottom forms are extremely rare ; few are found less than — 
200 mm. in length. The Angler does not appear in the North Sea in numbers until — 
it is at least one year and a half old, and even then the smaller ones are relatively — 
in greater proportion in the northern and deeper parts of the North Sea. Although — 
the North Sea thus depends on its supply of Anglers from areas beyond its own 
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boundary, it is nevertheless the most important area for the Angler, from the fishery 
point of view, since 70 per cent. of the total weight of Anglers landed at European 
ports are captured within the area. 

The illustrations, which have been so ably drawn from very difficult material, 
are due to the exceptional artistic skill and patience of Miss I. M. Duff. This paper 
would have been far less complete without the aid of Dr. Fulton, who has not only 
supplied me with material, but has helped me with the literature of the subject. 
I am also greatly indebted to Dr. Williamson for part of the literature. 
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DESCRIPTION OF PLATES. 


Plate I.— 
Fig. 1. Portion of Egg Mass of Lophius piscatorius. Caught 57° 37’ N.; 0° 53’ EK. 
3/5/16. 
Figs. 2a and 2b. Isolated Egg of Lophius piscatorius, with pigmented embryo. 
Caught 59° 36’ N.; 0° 41’ W. 16/4/14. 
Fig. 3. Newly-hatched Larva of Lophius piscatorius. Length, ca. 4°5 mm. 
Diameter of Yolk, ca. 2°55 mm. Caught as isolated egg at surface, 59° 31’ 
N.; 0° 37’ EB. 16/4/14. Hatched 19/4/14. 
Plate IT. — 
Fig. 4. Larva of Lophius piscatorius, T-8 days hatched. Length ca. 55 mm. 
Caught as isolated egg at 59° 31’ N.; 0° 37’ HE. 16/4/14. 
Fig. 5. Larva of Lophius piscatorius. Yolk-sac almost absorbed. Length ca. 
8mm. Caught 58° 26’ N.; 0° 8’ W. 15/7/14. 
Plate ITI.— 
Fig. 6. Post-larval Lophius piscatorius. Length, ca. 10mm. Caught 60 15’N.; 
OF Wee 1301/05: 
Plate IV.— 
Fig. 7. Post-larval Lophius piscatorius. Length ca. 15mm. Caught 59° 36’ N.; 
0° 42’ BE. 17/8/07. 
Plate V.— 
Fig. 8. Post-larval Lophius piscatorius. Length ca. 16mm. Caught 58°17’ N. ; 
Ievoe Wear 1/9/09: 
Plate VI.— 
Fig. 9. Small Bottom Form of Lophius piscatorius. Length ca, 64 mm. 
Caught 58° 44’ N.; 0° 7’ W. 11/7/06. 
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